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PREFACE TO THE FOURTH REVISED EDITION 


World War Il is ended and the soldiers and sailors of all 
lands are going home. Tyranny, with its vile hands laid upon 
the lives of free peoples, has been beaten down and, once 
more, men and women everywhere can take up again the books 
and tools and instruments of peace. 

No one believes that it is merely a ‘“‘peace in our time,” 
but no one should believe that we have ended all strife and 
solved all problems. Great treasures of labor and materials 
have been lost, disease has been widely disseminated, and 
whole nations face serious nutritional problems. 

We are living in a world infinitely more complex than ever 
before. Isolationism for the United States appears to be 
dead, and our part in world affairs becomes ever greater. The 
education of American boys and girls for the new age that 
comes so rapidly upon us will test our best efforts and must 
be adequate for the times. 

Moreover, that education, broadened in many respects, 
must provide basically for the strength, vigor, and vitality of 
all. In the years ahead, the demands upon human energies 
will be far greater than in the past, and the old weaknesses, 
the old ignorance of bodily functions, and the old supersti- 
tions cannot be tolerated today. 

This new revision of Healthful Living has taken these vital 
considerations into account. While there has been no attempt 
to alter the general plan of the book, the revision does con- 


sider the persistent problems of the past and the recent scien- 
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tific discoveries that bear upon the development of health 
and the prevention of disease. 

Some twenty-six years ago this book set forth the view 
that science and ideals must be united in the service of hygiene 
to man. The experience of over a quarter-century confirms 
the soundness of this thesis, particularly in view of our needs 
for fitness, mental poise, wholesome social life, and co- 
operation in world affairs. Facts are important in influencing 
behavior, but alone they are not enough. Motives move 
men to action, and the ideals of youth may be more power- 
ful in personal hygiene than facts that inform but never 
inspire. 

It is, of course, important to keep this position prominent 
in teaching the text. Teachers of health should understand 
that in teaching health they must work with motives, attitudes, 
and interests as well as with the facts of knowledge. Students 
should have the basic scientific knowledge that will make 
their choices intelligent and their habits rational, but primarily 
and at all times they are confronted with the real problem, 
which is to live and practice what they know to be true. A 
mere recital of hygienic or physiologic fact is as barren for 
living as the learning of chemical laws without work in the 
laboratory would be for chemistry. For in hygiene, life is the 
laboratory, living is the experiment we work upon, and the 
purpose of hygienic knowledge is consistent practice. 

Extensive survey of the literature relating to vitamins was 
made to bring the latest facts to the student of health. Recent 
researches in nutrition have emphasized particularly the 
vitamins and mineral substances in food. These have been 
summarized in Chapter X. Indeed, every chapter has felt the 
impact of new scientific discoveries and advanced practices in 
sanitation and public health. There is greater emphasis upon 
mental hygiene, fitness, and the newer technics of disease 


prevention. 
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Spirited questions, which should suggest many others of 
similar character, are placed at the end of each chapter. There 
are numerous laboratory experiments, most of which require 
only the simplest apparatus or none at all. The text is not im- 
paired if the experiments are not performed, but its value is 
increased by the demonstration of both structure and function. 
In the appendix is a section on First Aid. It covers the 
essentials of this subject, and may be used as the basis for 
instruction in such courses. This is followed by a glossary of 
technical terms, used in the text. There is no thought of doing 
away with the need for consultation of reference books; they 
are always necessary, and the brief glossary should stimulate 
the greater use of encyclopedia and dictionary. 

Apparatus for the laboratory exercises may be secured from 
the Harvard Apparatus Company, Back Bay Station, Boston, 
Massachusetts. Permanent preparations of cells and tissues 
may be obtained from supply houses such as Ward’s Natural 
Science Establishment, Rochester, New York; Bausch and 
Lomb Optical Company, Rochester, New York; and Marine 
Biological Laboratory, Woods Hole, Massachusetts. 

For permission to use illustrations and for other courtesies 
extended, the author is indebted to The American Medical 
Association, publishers of the health magazine, Hygeia, and to 
Ginn & Co., D. C. Heath & Co., The Macmillan Company, 
J. B. Lippincott Company, Longmans, Green & Co., W. B. 
Saunders Company, Seeley, Service & Co., William Campbell & 
Co., and William Wood & Co. 

In the earlier editions, I have attempted to acknowledge the 
assistance of friends and colleagues who have helped me in this 
enterprise. The list is too long to repeat and is always incom- 
plete. Moreover, I am indebted to students in numerous high 
schools who have written for clarification of certain points or 
fo present an opposing view to that held in the text. These 
letters are always interesting and frequently helpful. 
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What I owe to all of these is very great. But no author may 
properly shift his responsibility. I acknowledge my indebted- 
ness to others; I accept the responsibility that is mine. 


JessE FeErRING WILLIAMS 
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FROM THE AUTHOR TO THE STUDENT 


In an address to the students of St. Andrews University in 
Scotland, James M. Barrie talked to them about courage. He 
urged them to take a real part in solving the problems of the 
world and told them not to stand aloof but to insist upon 
coming in and helping. Thus speaking to them, he said: “The 
partnership is but a tool; what are you to do with it? Very 
little, I warn you, if you are merely thinking of yourselves; 
much if what is at the marrow of your thoughts is a future 
that even you can scarcely hope to see.” 

We need to remember these lines as we study HEALTHFUL 
LIVING because there will be a tendency to become interested 
in your health and to be ‘merely thinking of yourselves.” 
In the study of health there is a paradox as subtle as the words 
“He who would save his life must lose it.’”” He who would 
achieve health must get outside himself, must lose himself in 
causes, work, and ideas that are big enough to make him for- 
get self. It is always unfortunate to be overly conscious of 
health, always interested in it, and forgetful of the fact that 
the fine strength you develop, the enduring energy you possess 
are not ends in themselves but only means for accomplishing 
the purposes of life. 

I welcome you to this study of the ways in which you can 
realize your inherent strength and power; spend them in service 
to worthy purposes. It is an old truth that man has long 
known but sometimes forgets — the way to gain energy is to 
spend it, the way to have strength is to use it. 


JessE Ferrinc WILiiaMs 
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CHAPTER I 
THE PROBLEM OF HEALTHFUL LIVING 


What health is 
Knowledge and health 
Knowledge and disease 
How the nation thinks of health 
How the world thinks of health 
The responsibility of the individual 
The rules of the game 
Rule I. Air 
Rule II. Food 
Rule III. Care of the body 
Rule IV. Rest and sleep 
Rule V. Thinking and feeling 
Rule VI. Infections 
Rule VII. Physical activity 
Three influences on the players 
Heredity 
Environment 
Individual effort 
How to solve the problems of living 
Learning the facts 
Facing the facts 
Science in relation to health problems 
Some unworthy imitators 
Ideals in relation to health problems 
The combination of science and ideals 


What health is. — Fortunately, there are many people in this 
world who, without being able to define the word health, are 
thoroughly healthy. There are fine, healthy babies, who cause 
their parents no worry; there are active boys, to whom a ten- 
mile hike is a mere nothing; there are older people, too, who 
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boast that they have never had a sick day in their lives, and all 
of these are enjoying health without knowing any of the sim- 
plest facts about it. This is the top of the ladder. 

At the bottom there are babies dying in the summer because 
of unwholesome milk; there are school playgrounds closed to 
boys on account of an epidemic; and there are older people suf- 
fering all kinds of illnesses, often accompanied by intense pain. 

And all the way down the ladder are those who hover be- 
tween health and disease, sometimes finding themselves near 
the top rung, sometimes slipping and falling to the bottom 
and taking a long time to climb up again. A baby may look 
well but have difficulty with his digestion. A boy may be bright 
and athletic but have to stay at home frequently with colds, 
thereby missing many things he enjoys. A man may feel like 
playing six sets of tennis but find that his feet hurt too much 
to play more than one. 

In order to decide where on the scale of health we are, it is 
necessary to have a standard against which to measure our- 
selves. Let us say then, that perfect health is that condition in 
which all the organs of the body, including the nervous sys- 
tem, are working efficiently towards the fullest possible life. 
And we must extend this definition somewhat. For the sound- 
est organs can be weakened by a worrying, tempestuous mind, 
and mind and body both need a firm, purposeful spirit to guide 
them. Body, mind, and spirit — they are the foundations of 
healthful living, and they must be cared for. 

This is our standard of health — the best functioning of the 
whole person. The question now arises as to how we are to 
achieve that standard, and having once achieved it, how are 
we going to maintain it? 

Knowledge and health. — It stands to reason, that for 
every organ in the body, every bone in the skeleton, and every 
nerve in the brain and spinal cord, there must be a better or a 
worse way of living. One can drive a car for years without a 
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breakdown, and ruin it in a few months by ill-treatment. 
Some organs, bones, and nerves can stand ill-treatment for a 
time (though their efficiency and usefulness are unquestionably 
lessened), while others will break under the strain within a 
very short space of time. Unless each individual knows the 
unchangeable laws laid down by nature for the correct method 
of treating the mind and body, he cannot be sure what judg- 
ment nature is going to mete out in return. 

Knowledge of physiology and hygiene is useless, however, 
unless it be conscientiously applied. A person may have 
shining teeth which cause him no trouble. He may know all 
about what food to eat to make his teeth strong. He may even 
have studied the correct methods for preventing decay. But 
because there is no apparent cavity and his teeth do not ache, 
he may relax his care, neglect to visit the dentist, and wake up 
one morning with a swollen face and find that only the loss 
of a tooth will cure him of the pain. 

The thing for each person — man, woman, boy, or girl — to 
do then, is not only to acquire the scientific knowledge of how 
to use his mind and body so that he may develop the best and 
most serviceable qualities in them, but also to keep that 
knowledge constantly in mind and govern his actions accord- 
ingly. With these two factors working together he can attain 
the best physical state, the best mental control, and the best 
social spirit possible. 

Knowledge and disease. — There are still many terrible 
things in this world; and until they are prevented from occur- 
ting, it will be necessary for trained men and women to deal 
with them. Disease is one of these things. Cancer, tubercu- 
losis, infantile paralysis, and pneumonia are not pleasant, but 
they exist, and relief must be brought to the suffering in the 
form of medical treatment, hospitals, and research. Knowl- 
edge of physiology must therefore look backwards as well as 
forwards. It must cure disease, while it is looking ahead to 
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the prevention of it. The individual must know how to form 
habits of living which will fit him for the best life, but there 
must be doctors and nurses to aid those who are handicapped. 

How the nation thinks of health. — Many of the reasons 
that influence us to learn about and practice healthful living 
are purely personal. While these may be, in fact are, valid 
reasons, we should remember that the nation has to face the 
problem of health in relation to the people as a whole, for 
there are healthy and unhealthy nations just as there are 
healthy and unhealthy individuals. The subject is frequently 
regarded in terms of production, citizenship, national strength, 
human welfare, and happiness. For: example, illness lowers 
the productivity of the nation, thereby decreasing national as 
well as individual prosperity. Loss of health is reflected in the 
inability of individuals to become useful citizens. The Selec- 
tive Service examinations for World War II showed that be- 
tween thirty and forty per cent of the men of the nation 
between twenty-one and thirty-one years of age were unfit for 
army duties (Fig. 1). As evidenced by that failure, the use- 
fulness of these men as citizens was impaired. 

The national interest in health is illustrated by programs 
for the teaching of health in the school and by campaigns for 
the prevention of disease, by means of Boards of Health and 
state and national organizations. Boys and girls are living at 
a time that promises longer lives, more happiness, and more 
opportunities for useful service. 

How the world thinks of health. — Not only has the 
nation an interest in health, but the matter has now become an 
international concern. We can readily see that with the many 
means of travel at our disposal — the train, the automobile, 
the steamship, and now the airplane — that an epidemic will 
be no respecter of boundaries. In one of the earliest interna- 
tional efforts to control the spread of disease, the League of 
Nations joined forces with an existing French international 
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health organization. In the period between World War I and 
World War II very valuable health services were rendered to 
the nations of the world. With the beginning of World War II 
the health services of the League were greatly curtailed. 

During the course of World War II it became clear that a 
great many persons would need medical care when victory 
was achieved. Moreover, the danger of world-wide epidemics 
of disease threatened all nations due to the breakdown in 
sanitary controls, the lack of medical care, and the loss of 
resistance following malnutrition and inadequate housing. 
One of the first efforts, therefore, of the United Nations Relief 
and Rehabilitation Administration CUNRRA) sought to 
re-establish international sanitary agreements and to make 
them operative. This was accomplished in 1944 when the 
International Sanitary Conventions were signed in Washington. 
These international conventions, administered by the Health 
Director of UNRRA, are supplemented by the efforts of the 
International Public Health Office in Paris, the Pan-American 
Sanitary Bureau in Washington, and the health services of 
other nations involved in the agreements. 

This international effort undertakes colossal but vital tasks. 
It gathers detailed information from various parts of the 
world as to what epidemics, however slight, are in progress 
and makes from this information a chart, supplemented by 
frequent bulletins, of the infected areas. The war with Japan 
is also ended but the health services in the East will be dis- 
rupted for some time. In addition, the tremendous scope of 
our war effort and the problems of reconversion absorb the 
energies of the nation, and hence the needed stations, properly 
manned with medical and sanitary personnel, cannot be estab- 
lished immediately. But the idea that diseases spread around 
the world from one nation to another is now recognized, and 
complete world-wide organization to prevent disease awaits 
only the settlement of final agreements. 
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Photo from Harris & Ewing 

Fig. 2. Lord Halifax of Great Britain, Professor André Mayer of France, 

Edward Stettinius of the United States, Jan Ciechanowski of Poland, and 

Herbert Lehman as Director General of United Nations Relief and Re- 
habilitation Administration sign international sanitary conventions. 


The responsibility of the individual. — But the world is 
made up of nations, and each nation is made up of individuals, 
and the chain is only as strong as its weakest link. One 
typhoid case in a healthy community can cause an epidemic. 
What is the use of the state guarding the water supply, if in a 
school all the children drink out of one cup and use the same 
towel? What is the good of food laws, if a careless housewife 
does not keep the flies out of her pantry? It is the social duty 
of every individual to guard his own health, and the younger 
generation must take its place in the game of life and learn the 
rules. 

The rules of the game. — These rules are not magic ones 
and are very simple. The facts about the human body that 
one needs to know to carry out the rules with intelligence 
are to be yours on subsequent study. Thus Healthful Living 
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(and other books of the kind) is in reality your book of rules. 
A good player always knows and understands the rules. . 
As in all games that demand the best from their players, 
One must go into training. It may mean sacrificing a fondness 
for sweets, the warm, stuffy room, the sulking mood, or a 
careless habit. But any of these trifling pleasures that one has 
to forego are as nothing compared with the joy of winning. 

There are seven groups of rules. They are indicated below; 
the student will learn the details in the following chapters of 
this book. 

Rule I. Air. —We live in an environment of air. This 
provides us with oxygen and receives carbon dioxide from us. 
It contains moisture, moves constantly, and varies in tempera- 
ture. Sunshine and fog, winds and rains characterize it. How 
to live in relation to these varying conditions is important to 
learn. 

Rule II. Food. — Man takes from his environment a great 
variety of foods that quiet his hunger, please his appetite, 
supply him with energy, and promote his growth. How shall 
these foods be selected? Which ones are essential? How 
shall foods be cooked? How do foods supply energy? 

The game of life is conditioned by the energy available. The 
boy or girl without energy is of very little use either in work or 
play. The chief source of energy is food. Too much food, 
too little food, or improper diet — any one condition may 
prevent the development of maximum energy. 

Rule III. Care of the body. — There are many losses in health 
due to lack of proper care of the body. What injures the cells? 
What has cleanliness to do with health? How is waste elimi- 
nated? This rule and the others will be fully developed and 
explained in your study of Healthful Living. 

Rule IV. Rest and sleep. — Good health is dependent upon 
an adequate amount of rest and sleep. Why is rest needed? 
What is the function of sleep? How do we rest and sleep 
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best? We know that one basis of any good game is a ake 
energy. Rest and sleep are essential for the ae O re 
Players who are fatigued will find less joy and less acco 
plishment in life. | 

Rule V. Thinking and feeling. — Many of the disorders in 
life, affecting happiness as well as health, result from confused 
thinking. To keep values in proportion, to dominate the 
minor with the major interest are difficult accomplishments; 
they are essential, though, in achieving balance, harmony, 
and intelligent self-direction so characteristic of the boy or 
girl, the man or woman of power. ey 

It is as important for health to learn the rules of thinking 
and feeling as those about digestion, exercise, and sleep. 

Rule VI. Infections. — Prevention of disease has many as- 
pects. In addition to what society may do in sanitation, 
medical inspection, quarantine, and other administrative meas- 
ures, the individual can increase his power to resist disease and 
can also avoid unnecessary risks by Proper care in simple 
matters of personal hygiene. 

How to prevent infections? What are the best modern 
methods of disease control? All educated persons will wish to 
learn these. 

Rule VII. Physical activity. — Civilization has placed great 
handicaps on man. He has been shackled by his own creations. 
Essentially a physical being, he has been Striving since early 
times to build more comfortable shelters, to develop new foods, 
and to substitute other types of power for physical work. But 
strong muscles will ever be the bulwark of the human race. 
The nervous system, with its wonderful possibilities of de- 
velopment, has its foundation in the physical strata of life. 
Man will always require for health’s sake and also for Sanity, 
poise, and happiness a strong and essentially vigorous muscu- 
lar system. The brain, the vital organs themselves, are depend- 
ent for energy and Power on proper development and use of 
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the muscles of the body, and in particular the muscles of the 
trunk. 

These are the outlines of the rules. They are simple but not 
easy, in that they demand care and thought throughout the day. 
From the first waking moment, till the time that the player 
makes sure the window is open before he goes to sleep, he 
must be sure that the good habits he is forming, or has already 
formed, are not in any way relaxed. 

Three influences on the players. — As in all games, not 
everyone starts playing with the same opportunities. In foot- 
ball a heavy man has a better chance than a light one. In 
business the man with money has a better chance than the one 
without it. But this does not necessarily mean that a light man 
will not make the finer player or that the poor man will be the 
less successful. 

In the game of life there are three very significant influences 
on the individual, each one of which may be modified by the 
other two. 

Heredity. —'The first of these influences is heredity. It 
represents those traits of the father and mother and of the 
forefathers which go to make up the whole body of the 
child. 

We are readily aware of the more superficial signs of heredity 
as revealed by the likeness of the child to the parent. This 
hereditary likeness may be a family characteristic, such as 
brown eyes or red hair. It may be observed also in the physical 
traits of different races, such as pigmented skin in the Negro 
and straight hair in the Chinese. 

But the influence of heredity extends deeper than the mere 
superficial physical characteristics of the individual. It is 
manifested in certain undetermined qualities in the blood, and 
every part of the body feels its force. Moreover, this influence 
may be protective to the individual, such as the hereditary 
immunity of the Jews to tuberculosis; or it may be an influence 
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dangerous to health, such as the tendency of the Irish to 
tuberculosis. 

It may be said, therefore, that individuals inherit strength, 
vigor, and vitality, or weakness and tendency to disease. 
Depending upon this fact, one’s heredity may be considered 

d er poor. 
The ee is concerned in the heredity of its individuals. 
'nheritance of defective mental or physical powers may cause 
great loss to the nation, due to the expense involved in car- 
ing for the unfortunate and useless persons affected. 

It would be a mistake, however, to assign all ill health 
to poor heredity. One cannot rely for health entirely upon 
heredity, for even with a strong racial protection against dis- 
ease, one may, by living badly, acquire disease. Moreover, a 
poor start in life may be made up by a good environment and 
individual effort. To say, “I cannot have good health because 
I have poor heredity,” is not only inaccurate but also cowardly. 
One with poor heredity in health may, by right living, accom- 
plish great zhings. Theodore Roosevelt as a boy was physically 
weak. He had very defective vision and suffered from asthma, 
but he overcame this handicap by healthful living (Fig. 3). 
On the contrary, one with good heredity at birth May grow 
up to be weak, frequently ailing, and short-lived due to the 
violation of health laws. 

Instead of regarding heredity as all-powerful, we should 
remember that its influence may be modified gteatly by choice. 
One may live wholesomely and healthfully, and thus combat a 
poor heredity or strengthen a good one; or one may neglect 
the ways of health with certain injury to the possibilities of life. 
Not all of the forms of defective heredity are improvable, how- 
ever. Poor heredity in mental defectives cannot be overcome 
by healthful living. 

Environment. — Heredity may be impaired by an unfavorable 
environment (Fig. 4). Dark, damp, and ill-ventilated houses 
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prevent people from realizing their best possibilities. Lack of 
opportunity for wholesome play out of doors denies to children 
their right for proper development. Many of the handicaps of 
environment, such as unsanitary conditions in factories and 
impure food and water, can be corrected. For correction, three 
things are necessary: knowledge of the way to correct them, 
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Fig. 3. By living healthfully Theodore Roosevelt was able to overcome 
his physical handicaps. 


desire to do so, and ability to make the required changes. The 
last factor may require technical skill, which is usually available, 
or it may involve economic resources, which are more difficult 
to obtain. Asa rule, the poor in a community suffer most from 
unfavorable environment. This handicap added to lack of 


knowledge is often sufficient to overcome rather good physical 


heredity. 


ey 





wing Galloway 
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Fig. 4, This slum backyard is near the National Capitol at Washington. 


What is wrong with this environment? 
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There are many factors to be considered in determining 
whether an environment is good or bad. The death rate for 
typhoid fever in a community is an indication of the kind of 
measures taken by the community with respect to food and 
water supplies. How does your town rate on typhoid? 

Typhoid fever is rapidly decreasing in cities, due to the 
sanitary controls established. The greatest difficulties in con- 
nection with its control arise in rural districts and small towns. 
By consulting the instructions on page 26, determine what the 
typhoid death rate is in your town. What might be done in 
your town to improve its environment in this respect? Do the 
people in your town have knowledge of the way? Is there a 
desire to improve the town? Is there the ability to make the 
necessary changes? If there has not been a fatal case of 
typhoid fever in your town for several years, can you give the 
reasons? Talk these questions over with your parents, your 
family physician, and other well-informed persons in your 
community. 

Dr. E. L. Thorndike ! has made a study of cities with respect 
to general “‘goodness.” This quality of “goodness” in a city 
was measured with respect to provisions for health, educational 
opportunities, recreational facilities, comforts and conven- 
iences, homicides and accidents. If you are interested in 
improving your community, you will find it helpful to read 
Dr. Thorndike’s book entitled Your City. 

However, abundant economic resources do not always make 
a good environment for health. A boy or girl may be sur- 
rounded with wealth and yet not secure the proper food for 
growth and development nor have the opportunity for forma- 
tion of those wholesome habits that so greatly condition 
health and happiness. It may be as difficult for the boy or girl 
in a home of plenty to live properly as it is for one in a home 
of meager resources. 


1 Thorndike, E. L. Your City. Harcourt, Brace and Co., New York, 1939. 
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Fig. 5. This suburban home offers appropriate opportunity for healthful 
and happy living. 


A good environment will provide sufficient food and drink 
of the proper kind; opportunity for mental and physical 
activity testing the person in wholesome ways; appropriate 
surroundings for sleep and rest; fresh, pure air; happy, thought- 
ful, and kind companions; and freedom from disease-bearing 
insects and parasites (Fig. 5). Such an environment may be 
present in a log cabin. Abraham Lincoln (Fig. 6), born, as 
he was, of poor parents, may be said to have enjoyed a good 
environment. For some boys and girls, the country with its 
rigorous demands is a better environment than the city. For 
others not so strong, the better supervision of city life may be 
more wholesome. But neither wealth nor poverty is a guaran- 
tee of suitable environment. The former is likely to be more 
favorable for health; the latter, to be more of a handicap. 
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Individual effort. — While heredity and envircnment are two 
important influences on health, there is another influence to 
be considered. This is the effort to attain control of one’s life 
and, with high pur- 
pose, to overcome 
handicaps in heredity 
and in environment. 
Theodore Roosevelt 
has been mentioned 
as one who illustrated 
the power of this 
influence. When he 
was young, ill health 
made it necessary for 
Roosevelt to have all 
school work at home. 
He thus had little 
companionship with 
girls and boys his 
own age. As he grew 
older, however, he de- 

| : 4 liberately made every 
Fig. 6. Lincoln’s heredity and high purpose effort to build up his 

overcame handicaps in his environment. Reale eaSenaticcsns ful 
was he that he was able to attend college and during these 
years became an excellent horseman and woodsman. As 
you no doubt know, Theodore Roosevelt was one of our most 
distinguished presidents of the United States. 

There are many more who have overcome handicaps, but 
whose names are unknown. This great group represents the 
boys and girls who wish to develop into men and women of 
quality and distinction. They overcome the effects of bad 
ventilation by being out of doors whenever possible; they 
correct muscular weakness by play, games, and proper pos- 





THE PROBLEM OF HEALTHFUL LIVING 17 


tures; they avoid overfatigue by sleeping eight to nine hours at 
night. 

The diagram in Figure 7 shows the three-fold influence of 
heredity, environment, and effort. The possible effect of these 


influences, also, may 
be represented by a 
curveas shown in Fig- 
ure8. Atthetopofthe 
curve is represented 
the individuals who 
liveat their best, using 
the available heredity, 
improving the envi- 
ronment, and making 
higheffort. Atthebot- 
tom of the curve are 





ENVIRONMENT 
those who lackin some Fig. 7. Three influences acting upon our lives 
aspects these three are indicated in this diagram. 


essentials. Between A and C on the curve are varying degrees 
of health as represented by the proportion of these influences. 
Every person should be alert to the possibilities in each one 
of the influences considered. He should do this, in the first 
instance, because of the relation heredity bears to the welfare 
c of the race; in the 

second, because of 

the opportunity to 

correct and improve 

the environment; in 

the third, because of 

4 the need at all times 
Fig. 8. At A the individual is represented as Oe individual effort 
naving failed to realize his possibilities, At C tO Supplement the 


is indicated a person living at his best. Be- ' 
tween A and C are intermediate Stages. Esti- forces of heredity ang 


mate where you would fall on this curve 4-C. environment. 
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What more fascinating game could be devised than this 
game of life? Here is a bit of life represented by each person. 
How to conserve it, strengthen it, make it serve great causes — 
surely here is a game that calls for skill, strength, intelligence, 
and purpose. 

How to solve the problems of living. — There is no 
simple answer to the question, “How shall we live?” The 
problems that we meet are many; often they are complex and 
always they require both knowledge and effort. They com- 
prise common ones like the following: how to develop and 
maintain sound teeth, how to walk properly, how to make 
friends, how to prevent smallpox and typhoid fever, how to 
care for the eyes, and many others. In addition to the problems 
that almost every person meets, there are problems which 
only certain individuals have to confront, such as these: how to 
avoid fear and develop a courageous attitude, how to strengthen 
the foot muscles, how to speak distinctly and pleasantly, how 
to overcome a slouchy posture, and many others. 

Every person is an individual with certain strengths and 
weaknesses, with impulses and habits, surrounded by other 
persons and forces of the environment. Each day of living 
unfolds a series of events from the moment of arising in the 
morning to retiring at night. These events and all the thinking, 
feeling, and acting that go into them constitute our lives. 
The problems arise out of the events and develop in relation 
to the thoughts we think, the feelings we arouse in ourselves, 
and the actions we perform — that is, out of living as it goes 
on. To solve the problems of life two requirements are neces- 
sary — first, to learn the facts about the problem, and second, 
to face the facts learned and to act accordingly. 

Learning the facts. — The facts are often complex and difficult 
to discover. The study of Healthful Living should reveal to 
the student many of the facts about himself and the forces of 


the environment that play upon him. 
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Facing the facts. — There are the facts about automobile 
accidents. We may learn that out of 533,000 motor accidents 
reported in one study 107,000 accidents were due to exces- 
sive speed, 138,000 to drivers not having the right of way, 
86,000 to driving on the wrong side of the road, and 5000 
to driving off the road. Obviously it is of little value for any 
person to know these facts, if he does not face what they 
mean to him as an automobilist and does not act accordingly. 
There are the facts about poor physical development of men 
and women, the facts about tuberculosis, pneumonia, cancer, 
heart disease, and appendicitis, but until we face the facts we 
learn, understand how to live with respect to them, and act in 
accordance with the facts, they have little value for us. 

The problems of living require that people must know the 
scientific truth regarding disease; and they must desire and be 
able to live these truths into their lives. Thus, boys and girls 
in school who are learning about the world of commerce, of 
industry, of agriculture, and of art, and other aspects of 
human life, are also confronted with the problem of living in a 
world in which there are still many dangers and handicaps to 
health and happiness. In order to learn the facts we seek the 
service of science and tested experience; to face the facts we 
must make effort that is largely sustained by ideals. In this 
way science and ideals contribute to living. 

Science in relation to health problems. — Science seeks the 
truth. The truth is arrived at by observation, recorded measure- 
ments, and controlled experimentation. In relation to health, 
science is concerned with ascertaining the causes of ill health, 
improving efficiency in living, and thus promoting longevity. 
The scientific spirit is one of sacrifice. The true scientist gives 
himself to the work in hand, unconcerned with personal gain 
but mightily interested in the service of truth (Fig. 10). 

While there are many instances of brilliant work and scientific 
spirit in American life, the names of Dr. Walter Reed and 
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Dr. Jesse Lazear will never be forgotten. The Yellow Fever 
Commission appointed by President McKinley was directed 
by Dr. Walter Reed. The Commission set out to determine 








Fig. 9. Dr. Jesse Lazear lost his life in the 
service of science. 





the cause of yellow 
fever. Numerous 
theories had _ been 
proposed. The Com- 
mission was to deter- 
mine the truth. One 
member of the Com- 
mission, Dr. Jesse 
Lazear (Fig. 9), per- 
mitted a certain spe- 
cies of mosquito to 
bite him. This mos- 
quito was suspected 
of being the agent 
that transmitted the 
disease. A few days 
later, Lazear was dead. 
While this did not 
prove the relation- 
ship, it opened the 


way to a series of experiments in which men risked, and some 
gave, their lives to demonstrate a truth. A tablet in a Balti- 
more hospital bears the following inscription to the memory 


of Dr. Lazear: 


WITH MORE THAN THE COURAGE AND DEVO- 
TION OF A SOLDIER HE RISKED AND LOST HIS 
LIFE TO SHOW HOW A FEARFUL PESTILENCE IS 
COMMUNICATED AND HOW ITS RAVAGES MAY 


BE PREVENTED. 


In 1904 Surgeon General Gorgas (Fig. 10) was sent as chief 
sanitary officer to the Canal Zone. There he carried out the 
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recommendations of Dr. Reed in the treatment of yellow fever. 
So successful was he that in two years he rid the region of 
yellow fever. | 
In recent years science has made remarkable progress in 
treating disease. The experimental achievements 1n nutrition, 


the control of perni- 
cious anemia, the dis- 
covery and use of the 
sulfa drugs, the de- 
velopment of penicil- 
lin, and the amazing 
research in the trans- 
fusion of blood — 
these are a few of 
the advances made 
by science in over- 
coming disease. 

Some unworthy im- 
itators. — 1m contrast 
to the spirit of science, 
there is a commercial 
spirit that uses the in- 
terest of the people 
in health for the pro- 





© Harel & Ewing 
motion of fraudulent Fig. 10. Dr. William Crawford Gorgas con- 


1 . quered yellow fever in the Canal Zone. If 
ealth remedies. It Gorgas had not fought traditional belief as well 
should be remem- as unsanitary tropical conditions, the Panama 


perede thie dail at ee Canal might not have been completed. 
ments of the way to health are not necessarily true. 
Corporate concerns advertise things they have to sell as 
healthful. Their interest is primarily in selling their product. 
Others group themselves together and form societies for 
teaching doctrines contrary to the truth as revealed by science. 
Some newspapers run health columns that are in fact nothing 


Certain 
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but a form of advertisement of certain patent medicines recom- 
mended in the advice given to the readers of the paper. 

Those who use the 
people’s interest in 
health to their own 
advantage differ in 
very important re- 
spects from the fol- 
lowers of science. 
The intelligent boy or 
girl must have some 
foundation in knowl- 
edge that will serve 
as a guide in deciding 
some of the problems 
that arise in connec- 
tion with the claims 
of the unscientific 
and worthless. This 
knowledge is given 
by science and will 
be found in reliable 
books, and in maga- 
zines, such as Hygeia, 
published by the 


Fig. 11. The memory of Florence Nightin- A merican Medical 
gale is revered because of her work among the antes 
injured soldiers during the Crimean War. Association. 


Ideals in relation to 
health problems. — Two conditions were stated to be essential 
in the solution of the problems of health: knowledge, which 
arises out of the teaching of science as given above; desire, 
to apply that knowledge which comes from individual effort. 
The person who knows how to live should. desire to live in 





Photo from Brown Brothers 


the right way. 
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For all girls and probably most boys, the life of Florence 
Nightingale (Fig. 11) will always stand out as characterizing 
a great love for mankind. She expressed in beauty of face an 
inner spirit of surpassing greatness. Her services were not 
given in pleasant places, but among the difficulties of the 
Crimean War. Asa result of her work, the death rate of soldiers 
dropped from 50 to 2 per cent. Her work in the wards at night 
earned for her the title of ‘“The Lady of the Lamp,” perpetu- 
ated in Longfellow’s poem, ‘‘Santa Filomena.” 

Such social ideals as those of Florence Nightingale’s are 
more useful than any personal ones, because in them one for- 
gets oneself. If a person thinks too much about his own 
health, or his own power, or his own limitations, the nervous 
system is handicapped in directing the processes of the body. 
We shall learn more about this in the study of the nervous 
system. At this time it is sufficient to say that people should 
pay attention to matters of health, not primarily for them- 
selves, but in order that the resulting health, strength, and 
power may be available for service to the world. One should 
try to live most so that one can serve best. This might well 
be used as a motto: ‘To live most and to serve best.” ! 

The combination of science and ideals. — From the foregoing 
it should be clear that knowledge and desire, scientific truth, 
and ideals should work together in solving the problems of 
health and in helping one to live finely. H. G. Wells in 
his book, The New Machiavelli, writes in one place of his plan 
for state building. He has about concluded that his project 
Geen: served best by the proper training of some prince. 

Yet; he writes, “in every case my pen bent of its own accord 
towards irony because — because, although at first I did not 
realize it, I my self am just as free to be a prince. ... The 
common weal is one man’s absolute estate and responsibility 


1 This motto was first used by the author in his book 


(The W. B. Saunders Co., Philadelphia, Pa.) Personal Hygiene Applied. 
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no more.... We are in a condition of affairs infinitely more 
complex, in which every prince and statesman is something of 
a servant and every 
intelligent human be- 
ing is something of 
a Prince.”’ 

So it is in the game 
of life. The facts 
which we have at 
hand require just that 
realization — “I my- 
self am just as free 
to be a prince.” 
These facts and this 
idealism must bear 
witness also to the 
responsibility that all 
owe to society. 

It is this spirit that 
one sees in the life 
of Pasteur (Fig. 12), 
the great scientist 
Photo from Ewing Galloway WhO spent years in 


Fig. 12. We owe to Pasteur almost all we experimental work on 
i ed b : 
know about the control of diseases caus Ye doearent edie 


micro6rganisms. 
ease. To him we owe 


almost all we know about the control of diseases caused by 
f this spirit is seen 1n 





microérganisms. Another example o 
the life of Sir William Osler, the renowned physician. The 
complete list of names of those who have contributed knowl- 
edge to mankind is too long to give here, but love of truth 
and service are its lights and shadows. We, who approach 
the problems of living intelligently, would do well to learn of 
the accomplishments of great men and women. With these as 
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patterns and the many interesting facts of the present day 
available to each one of us, we should progress in healthful 


and fine living. 


FACTS TO REVIEW 


1. Give in your own words what you consider a good defini- 
tion of health. Compare this with the author’s on page 2. Can 
you give any reason for describing health in terms of a standard? 

2. What is the relationship of knowledge to health? 

3. Name some reasons that would influence you to practice 
healthful living. 

4. What service to health is rendered through the International 
Sanitary Conventions? Are there any other agencies that you can 
think of that assist all of us in keeping healthy? 

5. Discuss in brief the seven areas in which there are health 
rules. 

6. In what other ways besides the external features and form 
of an individual may heredity be shown? 

7. What are some of the factors to be considered in determining 
whether an environment is good or bad? 

8. Can you name some health problems that people of the 
present day face? 

9. Try to explain how people can begin to solve the problems 
you named above. 

10. Give your idea of the relation of science to health problems. 

11. What influence do ideals have for living wholesomely ? 
Can you illustrate your answer to the question from the lives of 
great men and women? 

12. Why is the public sometimes induced to buy fraudulent 
health remedies? Do you know of any “quack” medicines ? 


QUESTIONS TO THINK ABOUT 


1. Think of specific instances where the hospital has saved life, 
2. If your country called upon you to render some unusual 
service, would you be fit from a health standpoint to fulfill this 


2 r 
duty: How do you know? If you are not fit now, what are you 
doing to correct your defects? 
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3. Are you fit for the everyday duties and responsibilities that 
come to you? Can you improve your condition? Do you lack 
any essential things? What are they? 

4. Draw a parallel between freedom from disease and freedom 
from political oppression. How are both of these freedoms won 
and maintained? (This might be a good topic for debate in school.) 

5. How can persons tell what the result of any particular habit 
will be? Can such result be accurately foretold? What effect, 
if any, would knowledge of the results of certain practices have on 
people? Can you think of any reasons why anyone would continue 
doing something he knew definitely to be harmful? What is apt 
to be the value of tested experience? 

6. Does science rely on magic? What use of the supernatural 
is made in advertisements that claim to cure disease? Does science 
at times seem magical? Why? 

7. What is meant by the “scientific spirit’? The “‘scientific 
method’’? Are you scientific in deciding problems? 


INTERESTING THINGS TO DO 


1. Find out from the health officer of your town the number of 
deaths from typhoid last year. Then secure from the proper town 
official the record of the last census. Thus, if there were two deaths 
from typhoid and the population of the last record was 6000, then 
the typhoid rate per thousand would be .33. To compare your 
town with cities of 100,000, let us assume that the same rate would 
exist under the same conditions present in your town of 6000. 
Under such conditions, the typhoid rate in your town per hundred 
thousand would be 33. 

Using this method, determine the rate in your town. 

2. Make a list of the good features in the environment of your 
town. Compare these with the list that Thorndike gives for good 
cities (page 14). What are the disadvantages in your town? Can 
they be improved? 

3. Make a collection of newspaper items that illustrate how 
science serves health. 

4. Examine the advertisements in your local newspaper. Are 
there any of patent medicines? How would a scientist determine 
the value of such products? 

5. Read Longfellow’s poem, “Santa Filomena.” 
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The beginning facts. — One may learn to operate a cam- 
era successfully without knowing a great deal about the 
science of optics, and one may become a good marksman 
without qualifying as an expert in the chemistry of explosives. 
The problem of healthful living, however, is somewhat more 
complicated than taking pictures or shooting at a mark. One 
has to judge of new health proposals brought forward, or one 
is forced by environment to overcome definite hazards to 
health. Ignoring the facts, or hoping they are false, or remain- 


ing uninformed is not the way of educated persons. Hence, 
28 
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one has to study the human body and learn the manner of its 
structure — how it works and the things it can and cannot do. 
The process of learning may be difficult at times, but one 
follows it through for the sake of the larger values that lie 
beyond. One is always ready to tackle difficult jobs if the 
work has meaning. In this chapter we learn about some im- 
portant facts of structure. 

The cell, the unit of structure. — A brick wall is con- 
structed from bricks. It makes no difference whether the brick 
is round, square, or irregular, 
whether it is painted red, green, 
or blue; it remains, in all cases, 
the unit out of which the wall is 
built. Consequently, we speak of 
the brick as being the unit of struc- 
ture of the wall. In similar fashion, 
all forms of life are composed of 
cells. Plants and animals are both 





From a ee Rie Z uber 
constructea from cells. They may A ‘ aia ne 
ig. 135. pithelium from 


vary in shape, size, color, and the small intestine of man: 
activity, but, nevertheless, they 4 isolated cells; b, surface 
é F view; c, longitudinal section. 
are to be considered as the units 
of structure. These units are so small that they can be 
seen only by means of the microscope, but when we look at 
them through this instrument, we notice that they are as 
definite in shape (Fig. 13) as the bricks in a brick wall. Unlike 
the hard and solid bricks in a wall, cells of plants and animals 
are soft and liquid. 

Cells are so small, however, that it is very difficult to dem- 
onstrate their fluid character. Under the microscope they 
appear to have breadth and length only, 
however, it may be demonstrated that the 
Figure 14 gives a representation of a c 
microscope and a model to represent th 


On careful focusing, 
y also possess depth. 
ell as seen under the 
ree dimensions. 
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Cel/ wall 





B 


Fig. 14. A shows a cell as it appears when seen through a compound micro- 
scope; B as it would appear if a model were made of it. 


Protoplasm. — The liquid substance of which the body cell 
is made is called protoplasm, and this name is applied to the 
cell substance of both animals and plants. Workers with the 
microscope, many years ago, found that plant and animal 
tissues are composed of cells, and that the liquid in the cells is 
of more importance than the walls which the protoplasm builds 
around itself. 

We should not think becanse we use the same name, proto- 
plasm, for the substance forming the cellular material of both 
plants and animals, that its chemical composition is always 
the same. It is best to think of 
protoplasm as a substance that 
makes possible the life and activ- 
ity of the cell rather than as a 
substance that has definite and 
fixed chemical properties. The 
protoplasm may show circular 





Fig. 15. Protoplasm has an formations, known as vacuoles. 

intricate structure. Here it iat. 
resembles a honeycomb. Furthermore, it is important to 
remember that the composition 


of protoplasm varies in the same cell according to many 


factors. Exercise, food, oxygen, sleep, alcohol, and disease are 
among the factors which cause changes in the protoplasm. 
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Some of these changes are favorable, and some are unfavor- 
able. Can you name, from the above, the factors which cause 
unfavorable changes? Physiology is the study of the way 
this protoplasm acts in the cells of the body. 

Nucleus. — A living cell has two essential 
parts. One isa small mass or globule of proto- 
plasm, and the other is a small body within 
the mass of protoplasm, called the nucleus 
(Fig. 15). There are two other parts of less 
importance. Within the nucleus there may be 
a small body, called the nucleolus, and usually 
the protoplasm has a membrane surrounding 
it, called the wa//. The nucleus is the vital 
part of the cell. If a cell is divided, that por- 
tion containing the nucleus alone survives. 
After it loses its nucleus, a red cell of the 
blood lives only a few days. 

One-celled animals. — A cell of the body, 
owing to the fact that it has a wall, soft 
contents, and a nucleus, resembles minute, 
one-celled animals sometimes found in stag- 
nant water. Figure 16 shows the appearance 
under the microscope of the amoeba, one of 
these small animals. The amceba seems to 
be hardly more than a minute drop of jelly, Fig. 16. How 
yet it lives and does, in a simple way, many oe aeeeeeieee 
of the things that the human body can do. It dera high-power 
moves by pushing out a part of its body: anes eee 
takes in food by rolling a process of its body around the food 
to be eaten; and after digesting the part it wants, it discards 
the indigestible portion of the food. If the amceba is struck 
or jarred, it reacts by moving its body. It absorbs oxygen 
from the air and it gives off carbon dioxide. When it 
attains a certain size, it divides into two parts. 





It does not 
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divide and produce new individuals until it has reached full 


growth. 


| The origin of cells. — For many years it was believed that 
life originated spontaneously. This view is called the theory 





AS 


ee 


Fig. 17. All cells are 
derived from other cells. 
A, cell before division; 
B, threadlike formation 
of the vital parts of the 
nucleus; C, equal divi- 
sion of the nuclear 
thread; D, separation of 
the nuclear structure for 
the new cells and com- 
mencing constriction of 
cell body; E, nuclei be- 
ginning to return to 
resting states; F, com- 
plete division of cell 
body into daughter 
cells whose nuclei have 
returned to the resting 
states. 


of spontaneous generation. We know 
now, however, that all cells are derived 
from cells (Fig. 17) and that the vast 
number of different cells which compose 
a living body are all derived from two 
single cells, the ovum and the sperma- 
tozoon. The health and strength of these 
two cells are dependent upon the health, 
strength, and vigor of the whole body. 
In this respect, the strength and vigor 
of the race are dependent upon the 
strength and vigor of each member of 
the race. This is an important responsi- 
bility because each person, by being 
strong and vigorous, makes it possible 
for coming generations to have health 
and strength. In this way, health is a 
duty that no one may neglect. 
Functions of living animal cells. — 
A living cell must be able to carry on 
the processes of life. These processes 
are its functions or what it is able to do. 
There are five functions characteristic 
of simple cellular life, as in the amoeba 


(Fig. 16). These are (1) irritability, (2) conductivity, (3) con- 
tractility, (4) metabolism, and (5) reproduction. 


Irritability. — One difference 


between live and dead cells 


is irritability. A dead cell is unable to respond to a stimulus; 


it has no irritability. 


A live cell responds to a stimulus by an 


appropriate action; it has irritability. Cells vary in this respect. 
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Some are much more irritable than others. The irritability of 
the cell also varies with the condition of the protoplasm. The 
diagram in Figure 18 indicates how this function may vary. 
It will be noted in this diagram that the stimulus represented 
p_a 


——— Se ee ee 
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Fig. 18. Stimuli of equal intensity are represented by arrows 1 to 17. 


The responses that different cells make, or that the same cell makes at 
different times, are indicated by broken lines a to q. 

at 1, 2, 3, 4, up to 17 by the arrows is always of the same in- 
tensity; the length of the arrows is equal. The response to the 
stimulus in each case is shown by the broken vertical lines of 
varying heights. In a the cell is represented as dead. Irritability 
is lacking; there is no response. In q the cell is very efficient 
and responds with great power to the stimulus. This opens up 
interesting questions concerning the conditions that control 
such poor responses as b and ¢ and those that control such 
good responses as 0 and p. 

Conductivity. — This function is shown in the ability a cell 
has to transmit a stimulus to other parts of the cell or to other 
cells. Nerve cells have this function very highly developed. 

Consider how quickly one feels pain after touching a hot 
object or after pricking one’s finger with a sharp pin. 
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Another quality, possessed by cells, somewhat similar to 
conductivity, might be called correlation. This function is 
shown by the varying response made by different animals 
to the same stimulus. Thus certain animals will go towards 
the light, while others will go away from the same light, or 





From Loeb, “Forced Movements, Tropisms, and Animal Conduct” 


Fig. 19. The upper figure represents the position of Renatra when the 
light is in front of the animal. The lower figure represents the position 
when the light is behind the body. (After Holmes. ) 


they will move with or against moving objects. This difference 
in response to the same stimulus is due to the changes pro- 
duced in the cells (Figs. 19, 20). 

Contractility. — The amoeba (Fig. 17.) possesses the power 
to change the shape of its protoplasm. This is a simple form 
of contractility. In muscle cells (Fig. 44), the function is 
supreme and consists in the ability of the cells to change their 
shape and hence produce motion. In animals, all movement is 
dependent upon contractility of cells. 

Metabolism. — To carry on life, cells must be able to use 
oxygen and food materials, and to get rid of waste. Oxida- 
tion is the term used to describe the union of oxygen with 
other substances. This process, oxidation, is sometimes called 
combustion. As it proceeds, it produces heat which in the 
body is the common form of energy. Food material is trans- 
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formed into energy for action, or energy for growth. This 
process of supplying energy 1s known as metabolism. 

Some of the food materials are not burned to yield energy 
but undergo oxidative changes into other chemical compounds 
for storage in the body. This conversion of food to yield 





From Loeb, ‘‘Forced Movements, Tropisms, and Animal Conduct” 


Fig. 20. Movement of the hand of an observer influences the direction of 
motion of a s.varm of sticklebacks in an aquarium. The arrows indicate the 
direction in which the hand was moved. The swarm of fish moves always in 
the direction opposite to that. (After Garrey. ) 


energy or to form tissue is called anabolism. When substances 
cannot be used further in the body, they are removed as waste 
material. This waste removal in the cells is called catabolism. 
Catabolism is not to be confused with excretion; the latter is 
a process of removing waste from the body as a whole. Anab- 
olism and catabolism, then, are aspects of metabolism. 
Reproduction. — In simple one-celled animals, new individ- 
uals are produced by a simple division of the old cell (Fig. 21). 
In the higher mammals, nature has developed a complex 
system of special organs to care for this important work of 
transmitting life. Nature’s laws here as elsewhere are helpful 
when understood. Ignorance of these laws result 


} s, frequently, 
in disease, in loss of health and happiness. 


Parents or the 
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family physician are the logical persons to instruct boys and 
gitls respecting these laws. It should be remembered that the 





From Peabody and Hunt, “ Biology and Human Welfare” 


Fig. 21. The amoeba is shown in successive stages of division. 


proper care and functioning of this system determines not only 
the health and happiness of the individual, but also the health 


and prosperity of the race. 
Fig. 22. The diagramed cell division of a frog’s egg shows how one cell 
divides again and again. 


How special cells and functions arise. — Life begins from 
a single cell. This cell divides again and again (Fig. 22). As 
this dividing process extends, a remarkable change takes place 
in the new cells formed by the division. This is of such char- 
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acter that certain cells can be distinguished from others, and 
as the transformation proceeds there appear muscle cells, 
nerve cells, skin cells, bone cells, and others. This change, 
then, begins with a mass of cells that are all alike, and results 
in a more organized structure in which the parts are quite 
dissimilar. 

While the cells were unchanged, their functions also re- 
mained unaltered. Each cell could carry on the five functions; 
namely, irritability, conductivity, contractility, metabolism, 
and reproduction. With a structural change, however, there 
occurs also a specialization in function. The five functions 
thus become emphasized in special ways by the new cells. The 
nerve cells retain and enlarge their powers of conductivity and 
irritability; the muscle cells become notable for contractility; 
in other cells, corresponding changes take place. 

Tissues formed from cell groups. — The cells are ar- 
ranged with spaces between the individual cells (Fig. 23). In 
this space is an intercellu- 
lar material. In some in- 
stances, as in the blood, gil Ae is 
it is large in amount and Cel Cell Cell 
in others, as in the skin, it 


is small in amount. Cells a () 
of one kind group them- 
selves together to perform | | 
a particul: 

ig sual function and Capillary Blood Streem 
when so grouped, together 


with the intercellular ma- Fig. re The arrows indicate water 
: E going from the cells into the blood 
terial, form a i1SSue. stream. Waste also passes into lymph 


Organs formed from _ Yessels which empty into the blood 
stream. 


yachts Space 





tissues. — Tissues grouped 
in a definite way to co-operate in some special and highly com- 
plex task are knownas an organ. The stomach, for example, isan 
organ composed of muscle, nerve, epithelial lining, blood, and 
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connective tissues, and each tissue co-operates in the digestion 
of food in the stomach. The muscle contracts the stomach 
and moves the food at the proper time into the intestine; the 
nerve tissue tells the muscles when to contract, and the epi- 
thelial cells when to secrete digestive juice; the blood brings 
nutritive material to the cells of the other tissues; and the con- 
nective tissue binds the other tissues together to produce the 
whole organ. 

Similarity between living organisms and social groups. 
— It has been learned that the body is composed of cells with 
special properties grouped into tissues; that the tissues are 
arranged to form organs. An individual constructed to carry 
on the activity of life by means of parts or organs, which are 
separate and yet dependent upon each other, is called an 
organism. Man is, therefore, frequently referred to as an 
organism. The term is sometimes used with reference to 
society. The relation of the parts of the body to the whole 
body and of the individual man to the organism of society is 
very important. We have learned that there are organisms 
composed of only one cell and that such organisms may show 
all the properties of living matter. As soon as an organism 
becomes multicellular, an arrangement is necessary for groups 
of cells to take up certain special tasks. This arrangement and 
organization permit greater achievement in the group, because 
certain cells are free to accomplish results which would have 
been impossible in a unicellular type of organism. 

This division of labor among cells may be likened to a 
similar division of labor that occurs in human society. A 
city with its million inhabitants is a superior social group for 
the performing of tasks greater than are possible for the 
people in a pioneer settlement. In this respect, the organism, 
man, is superior to the amoeba. Both man and a city are 
superior as types, because they have greater opportunities and 
can make better use of abilities in acts that enrich the life of 
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the world. The city is more complex, more alive, more senst- 
tive than the pioneer settlement, but in order to maintain this 
highly specialized state, it must be exceedingly watchful against 
disease and other unhealthful conditions. In this same way, 
man, a highly specialized organism, superior to the unicellular 
animals, needs to be careful of the laws of life and health, the 
observance of which makes such high specialization possible. 
In each case, then, in animal life and in human society, speciali- 
zation produces a superior life, but it also produces the need 
for intelligent care of the basis of life. The castle needs a better 
foundation than the kennel. 

One-celled animals and primitive society. — The basis of life for 
the complex organism is the same as that for the simple 
organism. The amoeba in its self-dependence is like the 
savage living alone. Man, with his highly developed body, is 
like the organization of a great city. The simple organism and 
the complex organism resemble each other by requiring food, 
air, and water, by needing activity of the proper kind, and in 
the necessity for the removal of body waste. In a complex 
society, it is necessary that all men and groups of men do their 
special tasks well. In a similar fashion, man must look for his 
strength and security to the proper functioning of all his cells 
and cellular structures or organs. 

The developed body and modern soctety. — The more complex 
an organism becomes, the greater is the necessity for co- 
operation. In human groups there is this important relation 
between men and women and their fellow members in society. 
Members of the human family are dependent upon one another. 
The chemist has to rely upon the integrity of the manufacturer 
of chemical apparatus; the farmer jis dependent upon the 
chemist for a complete and accurate analysis of his soil; the 
child in school is dependent upon the teacher for guidance and 


instruction; and every man must rely upon other men to do 


their work honestly and efficiently. Therefore, just as man is 
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dependent upon his fellow men, just as eight players on a 
baseball team are dependent upon how the ninth player plays 
the game, just as the work of a class is dependent upon the 
co-operation of the individual members, so in the body, cells 
in one place are dependent upon the action of other cells 
forming some other part of the body and doing a different sort 
of work. The muscle cells cannot act unless the nerve cells do 
the work of sending nerve impulses; the nerve cells cannot 
send and receive impulses unless the heart and lung cells do the 
work that is expected of them. This interdependence of cells 
upon other cells and of men upon other men is very important. 

Similarity between the human body and a city. — In 
comparing the city with an animal such as man, it will be noted 
that the construction of the city and the way its work is carried 
on resemble the body and the activities of its cells. The city 
proper is composed of buildings that serve definite purposes; 
the body is made up of a great number of distinct cells which 
perform special tasks. The stores on the outskirts of the city 
obtain their supplies from the wholesale district by the estab- 
lished channels of trade and commerce; the body cells receive 
their nutritive supply through the blood channels which run 
past the great digestive tract and respiratory tract. The blood 
with its millions of red blood cells transporting life-giving 
oxygen, and with its plasma, carrying life-giving food, re- 
sembles a continuous chain of auto trucks transporting the 
necessities of life to the outlying population. In a city, the 
workers of the sanitation department gather the ashes, rubbish, 
and garbage and, carrying it to the disposal plant or scows in 
the river, perform for the city the function of excretion. In 
the body, the waste products are carried by the blood to the 
kidneys, skin, and lungs — organs which serve to remove this 
waste material. 

The city is controlled and directed by officers elected by 
the people. These officers must provide for the life and 








Photo nae Ewing Gallwey 
Fig. 24, Life in the country and life in the city have their own advantages. 
Which do you prefer? Why? 
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development of the people, not only with reference to what 
they need in the way of food, protection, and recreation, but 
also with reference to what other cities are doing in providing 
for man the best opportunities for life. In similar fashion, the 
body is controlled and directed by the nervous system, which 
constantly receives messages from all the cells of the body. 
To these messages it responds and provides the necessities of 
life. It also responds to messages from other men. In this 
way, man and city, both, in co-operation with other groups 
and led by high ideals, achieve the best development. 


FACTS TO REVIEW 


1. Describe the structure of a cell. If the nucleus of a cell is 
destroyed, what happens to the cell? 

2. What are the five functions characteristic of cells? Illustrate 
how each functions. 

3. Explain how tissues and organs are formed. 

4, Distinguish between anabolism and catabolism. How do 
these differ from excretion? 

5. Since each life starts from a cell, the ovum that has joined 
with another cell, the spermatozoon, how do different cells and 
many cells appear? 


QUESTIONS TO THINK ABOUT 


1. Does it appear to you that your response each day to the 
stimuli that reach you may vary with your physical condition? 
What illustrations can you give of the influence of health upon 
the ability of a person to respond to stimuli? 

2. Think of some of the ways in which living wholesomely 
requires more exact knowledge of the science of physiology than 
taking good pictures requires knowledge of the science of optics. 

3, The construction of a great office building requires a more 
substantial foundation than is needed by a small bungalow. To 
what extent would more care and attention to the foundations of 
life be demanded for man than for a simple amoeba floating ir 
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the water? Indicate some of the reasons why man should know 
the conditions that preserve life. . 

4. A form of life composed of one cell must of course co-ordinate 
its functioning in order to live. In the case of man, composed of 
millions of cells, with different functions, would co-ordination 
and co-operation be in greater or less demand? Can you propose 
some analogy which will illustrate this idea? 


INTERESTING THINGS TO DO 


1. Make a drawing of a cell; label its parts. 

2. Write a list of the essential co-operative acts in a school. 

3. Write a similar list of the acts of co-operation that are essen- 
tial between people in a home. 

4, Draw a diagram showing with lines and indicating arrows the 
co-operation essential in putting out a batsman in baseball when 
he hits a ground ball to the shortstop. The bases are empty. 
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The significance of building materials. — In the con- 
struction of buildings, materials serve special purposes. For 
certain reasons, substitution of materials cannot be permitted. 
It is even more true of the human body than of buildings, that 
one kind of material cannot be used to take the place of another 


without a real loss to the organism. One may substitute wood 
44 
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for stone in a house, but the house will not be so durable; in 
the body, injury of one tissue may result in its replacement 
with another, but the repair is never perfect. 

Some tissues in the body play more important rdles than 
others. It is generally understood that nerve tissue is more 
valuable to the body than the tissue that forms the nails. 
Some persons take better care of their nails than they do of 
their nervous systems, but this is doubtless due, in part, to 
lack of understanding of the significance of the different tissues 
that form the body. 

Kinds of building material used in the body. — There 
are five main types of tissue used in the construction of the 
body. By analogy, the body may be likened to a house, where 
steel, stone, wood, slate, and mortar are used, each for a 
specific purpose. [n like manner the tissues in the body serve 
particular purposes. We say, therefore, that the muscle and 
the nerve tissues serve the body in acting and thinking; the 
epithelial and the connective tissues afford protection and 
support to the muscle and the nerve tissues; and the vascular 
tissues perform a multitude of duties in caring for the needs 
of the cells. The five kinds of tissue are epithelial, connective, 
vascular, muscular, and nervous. 


~ em 


The unity of the organism. —'To say that muscle tissue serves 
in movement and nerve tissue in thinking is true, of course, 
but it is not true to infer, as we do sometimes, that we walk 
with muscles alone or think with the brain alone. On the 
contrary, the relationships between the various tissues are SO 
close that we express the facts better when we conclude that 
thinking is a function of the whole person; 
glands, digestive Processes as well as nerve cells and other 
tissues contribute to the kind of thinking that goes on. In 
similar fashion, many tissues are responsible for the act of 


walking — muscles, nerves, bones, ligaments, and chemical 
compounds of the blood. 


indeed, muscles, 
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The significant fact that man is a unity stands out; the pro- 
cedure of science that takes him apart to discover how he is 
constructed serves a necessary purpose. But as we study the 
separate cells and tissues we should continue to understand 
that their functioning is highly co-ordinated and unified. 

Yet man cannot be studied effectively as a whole. Let us, 
therefore, consider the five tissues of the body separately. 

Epithelial tissue. — The cells of epithelial tissue vary in 
shape from thin, flat structures to cube-like ones. This tissue 
serves two functions in the body: protective and secretory. 

Protective functions of epithelial tissue.—The shape of the 
flat cells lends itself admirably to the protection of the body. 
Thus we find this tissue lining the inner walls of the blood 
vessels and the heart, forming the outer layers of the skin, 
and covering the surface of every cavity of the body. 

Secretory function of epithelial tissue. — The cube-like cells 
of epithelial tissue form the secreting glands of the body, such 
as the liver, salivary glands, and many others. 

These functions of protection and secretion are well illus- 
trated in the skin, which is protective in its outer layers and 
contains secretory glands in its deeper parts. The protective 
function, however, is more prominent in the skin than the 
secretory one. These functions are also shown in the lining of 
the mouth and food canal. In this case, the secretory function 
is more prominent than the protective one. As illustrations of 
these two functions, the skin and mucous membranes will be 
described. 

The skin. —We have learned that epithelial cells form 
mucous membranes and secreting glands. They also form 
the skin covering the body, and from these skin cells there 
develop the hair and the nails. The thickness of the skin is 
due to the great number of cells composing it. These cells 
are arranged in a definite manner, in two layers, the dermis 


and epidermis. 
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The outer layer, or epidermis, rests on the inner layer, the 
dermis (Fig. 25). The dermis is called the true skin. The 


epidermis is composed 
of a mass of cells held 
together by a cement 
substance. Those near 
the surface are hard and 
flattened; those deeper 
down, near the dermis, 
are round and soft. The 
lowest layers contain a 
pigment consisting of 
minute grains of color- 
ing matter. The varying 
amount of this pigment 
present causes the differ- 
ence in hue of the blonde 
and brunet and the light 
and dark races. Freckles 
are due to an increase of 
pigment in patches of 
neighboring cells. Some 
persons lack the pigment 
entirely; their hair and 
skin are white, and, since 
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Fig. 25. Examine this sectional view of 
skin (magnified). Find oil (sebaceous ) 
gland, sweat gland, sweat duct, hair bulb. 
Compare thickness of epidermis, dermis, 
and subcutaneous tissue. 


there is no coloring matter in the iris of the eye, the blood 
shows through, causing the eyes to look pink. They are 


called albinos. 


The dermis. — The main part of the skin is the dermis; it is 
chiefly a network of fibers, that is, thread-like tissues. This is 
the part of the skin of animals that is tanned for leather. Did 
you ever notice the fibrous appearance in the leather of a shoe 
chat has become much worn? Which side of leather is smooth 
‘the side covered by epidermis, or the other side? The 
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dermis is connected with the body beneath by a loose tissue 
consisting of fibers interwoven with cells of fat (Fig. 25). 
This tissue, together with the skin itself, partly conceals the 
outlines of the muscles beneath. Yet artists study the muscles 
carefully, as their shape shows faintly through the skin and 
gives a key to the human figure. 

The outer surface of the dermis grows into numerous little 
projections called papilla. If its covering of epidermis were 
taken off, the dermis would appear somewhat like coarse velvet 
because of its unevenness; for the prominences or papillze 
appear, in a cross section of the skin under the microscope, 
buried beneath the cells of the epidermis, like a tiny mountain 
range. As the epidermis fills up the valleys between them, the 
papilla do not show plainly on the surface of the skin. How- 
ever, on the palm of the hand and fingers, where the papilla 
are especially numerous, they are crowded into rows, as shown 
by the parallel ridges seen very distinctly on the epidermis of 
the palm. Moisten the index finger and notice that an imprint 
of the finger shows when pressure is made on white paper 
(Fig. 26). Under what conditions are fingerprints of service? 
Within the papilla are found the ends of nerves and loops of 
small blood vessels called capillaries (Fig. 27). 

The epidermis. — The cells of the epidermis which lie next 
to the dermis are living cells. They are kept alive by nourish- 
ment brought by the liquid portion of the blood in the blood 
vessels of the neighboring papilla. These cells grow and, when 
they have matured, divide and produce new cells. The multi- 
plication of the cells would cause the epidermis to increase | 
greatly in thickness, were not the outer cells constantly worn 
away by friction. This happens the more easily because the 
outer cells are dead cells. The new cells forming beneath push 
them so far away from the dermis that nourishment from the 
blood no longer reaches them, and they die. 

By this constant loss and renewal, the body always has a 
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Fig. 26. The markings of the fingers are different for each) individual, as 
shown in fingerprints. How are fingerprints used? 
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comparatively new outer skin. Even on the scalp, which is 
partly protected from friction, the flat dry cells are constantly 
coming off. If there is much oil on the scalp, the cells stick 
together and form flakes called dandruff. This physiological 
shedding of the cells of the epidermis is aided by bathing the 
skin and shampooing and brushing the hair. 
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From Bohm, Davidoff, and Huber, “ Textbook of Histology.” 


Fig. 27. This model shows the arrangement of blood vessels in the skia 
and their distribution to the papille. 


The blood vessels (Fig. 27) in the skin are fine tubes which 
carry the blood supply to and from the skin. These vessels 
have muscles in their walls, and, when stimulated through the 
nerves of the skin, change their size. Warmth causes an increase 
in size of the vessel and more blood is brought to the skin; 
cold causes a decrease in size and the opposite effect is produced. 

The nerves of the skin serve two main functions. One func- 
tion is to control the size of the vessels by responding to 
changes in temperature; the other is to make us aware of the 
character of things we touch. The nerves of the skin of the 
fingers with this latter function are more sensitive than those 


in any other part of the body. 
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Sometimes the skin is hot from the abundance Ri blood 
flowing through it, as during a fever, but it is dry t en, as 
well as hot, because the sweat glands are not active. At times, 
under the influence of excitement or fear, a person breaks out 
se perspiration. 

: ae or perspiratory glands, are little tubes, 
lined with epithelic] cells, which pass through the epidermis 





Fig. 28. The middle diagram is of the coiled end of a sweat gland; epi- 
dermis not shown. a, the coil; b, the duct; c, network of capillaries. The 
gland and capillary network are shown separated and combined to indicate 
how completely the organ is supplied with blood. 


and down into the dermis. The tube is coiled into a ball 
in the true skin, where it is surrounded by a network of capil- 
laries (Fig. 28). Its course through the epidermis is spiral like 
the turns of a corkscrew. Its opening on the surface is called 
a pore. The coiled partis supplied with nerves which stimulate 
the cells to secrete perspiration. The cells obtain their supply 
of material from the blood, and this supply is controlled by 


the nerves which regulate the size of the bleedvessels (arteries) 
leading to the skin. iL 
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The sweat glands take up water and various other substances 
from the blood and pour them out on the surface of the 
epidermis. The water evaporates, but the salt and other solids 
in the perspiration are deposited on the skin. Usually the 
amount of perspiration from each gland is so small that it 
evaporates as soon as it reaches the surface, and hence does 
not become visible. On this account it is called insensible 
perspiration; it becomes sensible perspiration when it is formed 
rapidly in warm weather or during vigorous exercise. It does 
not evaporate so quickly in a moist atmosphere; and those who 
live near the seacoast or in rainy regions show more perspira- 
tion than those who live in dry regions. The evaporation of 
this moisture on the skin cools the body. Why is the heat so 
oppressive on a “muggy” day? The amount of perspiration 
averages about one and one-half pints a day. Is the skin more 
active in throwing off impurities in winter or in summer? 

The oi] glands, or sebaceous glands, are small, irregularly 
shaped cavities which open into the little pits from which 
the hairs grow (Fig. 25). A few oil glands open directly upon 
the surface. They are lined with epithelial cells. The cells 
deposit a kind of oil, which flows out of the mouth of the 
glands, renders the epidermis flexible and less penetrable by 
water, and prevents it drying out by evaporation and cracking 
open. It is also the natural “hair oil” for softening the hair 
and keeping it from becoming brittle. The oil glands of the 
nose and cheeks are especially large and numerous. When 
their mouths are stopped by dirt, they become distended with 
oily material and cause blackheads. Oil glands are absent 
from the soles and palms. 

Protection of the skin. — Clothing does not give heat to 
the body but helps to prevent the escape of bodily heat. Linen 
and cotton absorb moisture readily and allow it to evaporate 
rapidly. They thus serve, when worn next to the skin, to keep 
the body dry; the evaporation, however, if very rapid, may chill 
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the body. Woolen absorbs moisture quickly, but parts with it 
slowly, and, in the case of those who perspire freely, the damp 
clothing next the skin may conduct away the heat. In this way 
woolen may seem cool. But dry woolen contains much air in 
the meshes of the cloth; and as this is a non-conductor of heat, 
such clothing is the warmest of all, silk ranking next. In cold 
climates during the severe cold weather woolen should be 
worn next to the skin by those working out of doors. In 
warm climates, like that of the Gulf States, it should not be 
worn next to the skin at all, even in winter, except by those in 
poor health; and even in these cases it is a question as to 
whether woolen in warm climates does not do more harm 
than good as it relaxes and weakens the skin. If it is worn in 
such climates, with the warmth of spring it should be changed 
for less relaxing fabrics. White clothing reflects the heat of 
the sun; dark clothing absorbs the sun’s heat. Rubber cloth- 
ing prevents moisture from penetrating to the body and also 
prevents perspiration from escaping. Bed clothing should not 
be too heavy. On account of the warm air between them, two 
coverings are warmer than one equal to the two in thickness. 
The bed clothing should be aired thoroughly every morning. 

Injury of the skin. — When the epidermis is broken so that 
the true skin is exposed, the epithelium at the edge of the break 
usually produces new cells to cover and heal the opening. 
But if new cells do not form, sufficient to bridge the opening, 
the dermis sprouts through, forming ‘‘proud flesh,” which 
must be scraped off or cauterized before the epidermis can 
complete the healing. In the case of a blister, the lowest cells 
of the epidermis are not removed (Fig. 29), hence the epidermis 
is readily renewed. Preparations advertised to make new skin 
Over a Cut or injury should not be used. Natur 
epidermis if the part is kept clean. 

When the epidermis is weak, the papilla over a small area 
sometimes become overgrown, so that they project above the 


e will grow the 
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skin, and form a wart. If it is burned away with acid, the epi- 
dermis will grow over the place. Why is a wart rough? How 
does it differ from a mole? Which is more likely to increase 
in size? Which has more pig- 
ment? Which contains hairs? 
Hygiene of the skin. —The 
scales of the epidermis are 
gradually passed off, and, 
with the secretions from the 
So ee oil glands and surface dirt, 
See = see they tend to form a pellicle 
So gas ; or coat, which interferes with 
the proper functioning of the 

oil and perspiratory glands. 

Bathing removes this pellicle 

and is of great importance 
in maintaining a healthy skin. 
A cold bath is intended to 
stimulate the body; a warm 
bath is cleansing. Ifthe prac- 
tice of cold bathing is started 
in the summer, it may be con- 
tinued through the winter 
Fig. 29. a, arrow indicates where and not be disagreeable even 


the epidermis separates in the forma- . id E 
tion of a blister. The serum of the with very cold water. very- 


blister exudes from the cells below, one can afford a cold bath, 
which are supplied by capillaries. 
because a sponge and a 


basin of water are the only necessary articles, although a 
shower is to be preferred. A warm bath is more suitable 
on retiring than on rising; it 1s also more suitable for a per- 


son who is fatigued. A warm bath has a soothing effect 


on the nervous system. The proper time to bathe is just before 
Sea-bathing is beneficial 


a meal or two to three hours after. , 
to the health of the skin and body in general, but its good 
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Photo from Acme 
Fig. 30. Swimmers that excel pay particular attention to keeping fit. 


effects are due to the enjoyable exercise and outdoor air of the 
seashore (Fig. 30). Bathing in ocean or lake should not be 
prolonged until the bather’s lips are blue. 3 

The complexion is the outward expression of inner health. 
A good complexion cannot be bought in a box or bottle. 
Some complexions produced with cosmetics and face powder 
are as barbaric and unnatural as the war paint of the savage, 
but the skillful use of rouge and lipstick may imitate nature so 
well that the effect is artistic and, therefore, pleasing. Girls 
with poor taste or lack of technic sometimes produce most 
unpleasant effects. These effects weigh in esthetics, however, 
and not directly in hygiene. Nevertheless, the relation of 
make-up to health may be real and important. Whenever a 
girl fails to practice healthful living and relies entirely upon 
cosmetics for color that nature would give freely, 


the problem 
of make-up becomes a hygienic one also. 
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The face should be washed at least twice daily. Cold water 
should be used because it improves the circulation, it tones up 
the elastic fibers, and it prevents chapping and roughening of 
the skin. Unless the face is very dirty it may be washed without 
soap. A vigorous washing with cold water or with warm water 
followed by cold water will remove the dirt in most cases. If 
the skin is dry, a cream may be used to soften it, but it is to 
be remembered that the best way to get a beautiful complexion 
is to take proper care of the functions of the body and to 
indulge in regular exercise, preferably out of doors. 

The hair. — It has been learned that the papillz in the dermis 
are composed of epithelial cells arranged in minute projections. 
A hair is composed of a column of minute epithelial cells which 
grow from a depression in a papilla. This depression is the 
hair follicle or “root.” Therefore, a hair grows from a papilla 
below the epidermis. The only point at which the cells of the 
hair and, therefore, the hair itself, are living and growing is at 
the tip of the papilla, deep down in the follicle (Fig. 31). 
From this it is easy to see that the common notion that cutting 
off the ends of the hair, either by shaving or trimming with 
scissors, causes it to grow faster and stronger is erroneous. 
It may stop the splitting of hairs and thus prevent the wearing 
away of the hair. Of course, when 
the hair or beard is short its growth 
is more noticeable. Long hair seems 
by its weight to give exercise to 
minute muscles in the skin and to 
strengthen the flow of blood, thus 
adding to the vigor of the hair. The 
cut end of a hair is nearly round in 
the straight-haired races, as Indians 
and Chinese; it is oval in the wavy- 
Fig. 31. A shows theinside haired white race, and flattened still 


structure of hair; B, a piece : 
of human hair magnified. more in the Negro race. 
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Hair is very durable (Fig. 31); that found on Egyptian 
mummies has remained unchanged through several thousand 
years. It is elastic and is said to stretch one third of its length 
without breaking. Hair absorbs moisture readily and for a 
time its length is considerably increased thereby. Each hair 
follicle has fine muscles connected with it. Cold or fear may 
cause the muscles to contract and the hairs, which are usually 
in a slanting position, to stand erect. This causes the hair to 
afford a better protection to the animal from cold or blows. 
“Goose flesh,” which occurs if a cold bath is unduly prolonged, 
is caused in the same way; but the hair on the human skin is 
so fine that the goose flesh avails little against cold. 

Superfluous hairs sometimes grow on unusual parts of the 
face. To remove this hair so that it will not grow again, the 
papilla at the bottom of the follicles must be destroyed. 
This is no easy matter. Numerous “‘infallible remedies’’ are 
advertised, but the only effective way is by means of electricity, 
used in an electric needle by a skilled operator. 

Care of the hair. — Although baldness is largely hereditary, 
the two main causes for falling hair are a tight scalp with a 
poor circulation and the presence of dandruff. The two im- 
portant things to attend to, therefore, are massaging the scalp 
in order to promote the circulation, and keeping the scalp 
clean by daily brushing of the hair and frequent shampooing. 
Why does the groom spend so much time in currying and 
brushing his horse? 

The nails. — Nails are a growth of the epidermis, and, like 
the epidermis, only the lowest cells near their roots are alive 
and receive nourishment. The root of the nail is in a kind of 
groove or fold of the true skin’at the bottom of which papilla 
are very numerous. The nail may be regarded as a very wide 
flat hair. The nail grows not only at its root but along its bed, 
which is of true skin (Fig. 32). Hence, its thickness increases 
as it approaches the tip. If the epidermis is pressed back 
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roughly at the root, the nail may not be perfectly nourished, 
and a white speck or flaw is formed, which travels slowly along 
with the growth of the nail. When pressing back the cuticle, 
it should be done gently. The nail is renewed in four to six 
months. If you note 
the date of the ap- 
pearance of a scar at 
the base of the nail 
and when it has 
traveled to the tip, 
you can find whether 
thisistrue. The nails 
stiffen the ends of 
the fingers and aid 
in handling small objects. Can you pick up a pin without 
using the nails? Corresponding organs in the lower animals 
are claws and hoofs. 

In manicuring the nails a file should be used. Cutting 
makes them brittle. Biting the nails is often a sign of nervous- 
ness and should be controlled, not only because of the un- 
pleasant habit but also because of the injury to the nails them- 
selves. Systematic manicuring of the nails and painting them 
with bitter aloes or some other ill-tasting substance will aid 
in overcoming this habit. Proper care of the body involves 
manicuring the nails and this care should be given. A well- 
groomed appearance increases one’s self-respect and com- 
mands the respect of others (Fig. 33). One should not be 
satisfied, however, with giving care only to the external parts 
of the body. The rules of the game require that the entire 
individual receive intelligent care and attention. 

Mucous membranes. — The alimentary canal is lined with 
mucous membrane (Fig. 34). There are other membranes in the 
body called serous membranes. These line the heart, chest cav- 
ity, and abdominal cavity, and, although they secrete a fluid 





Fig. 32. Examine this diagram of a nail and the 
parts beneath it. 
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Photo by Triangle 


Fig 33. Care of the hair, skin, and nails is important to the well-groomed 
person. It not only improves the appearance but is also good hygiene. 


called serum, they are mainly protective and not secretory in 


type. The secretion of the mucous membrane is called mucus. 
Glands along the 


alimentary canal. — 
The secretory glands 
that open into the 
alimentary canal 





(Fig. Bry), are com- Fig. 34. Along the mucous membrane of the 
posed of epithelial intestines are dark cells that secrete mucus. 


tissue and are entirely secretory in function. 


The cells in 
the glands 


,» in their own distinctive way, make use of the 
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various chemical sub- 
stances in the blood, so 
that one gland (the 
liver) secretes bile, an- 
other (the salivary 
gland) secretes saliva, 
and still another (the 
pancreas) secretes pan- 
creatic juice. These se- 
cretions are all markedly 
different and are depend- 
ent upon the chemical 





Fig. 35. This diagram shows a group of : : ; 
cells of the pancreas with a duct leading to action of the epithelial 


the alimentary canal. The pancreas also ells of the gland. By 
gives a secretion directly into the blood. 


the aid of nerves going 
to the gland, the blood supply is regulated and both the 
quantity and the quality of the secretion may be altered. 
Other glands of epithelial structure. — The glands which we 
have mentioned have tubes or ducts that convey the secretion 


_| Blood capillary 


(oe 
“ ‘21 Alveolus of gland 


4 Island of Langerhans 






From Bohm, Davidoff, and Huber, “ Textbook of Histology” 


Fig. 36. This section of human pancreas shows gland alveoli surrounding 
an island of Langerhans. 
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of the gland to the alimentary canal. There are other glands in 
the body, likewise composed of epithelial tissue, but eee no 
ducts. They also form secretions, though of a vastly di eae 
character; moreover, they give their secretions into the bloo 





Co eee of Jackson Clinic 
Fig. 37. A shows a child before treatment with thyroxin; B the same child 
two years after thyroid treatment. 


stream (Fig. 36), another marked difference. These glands 
are called ductless glands, or endocrine glands. 

The secretions of the glands of the alimentary canal are 
chiefly concerned in the digestive process, but the secretions 
of the endocrines have very complex functions not thoroughly 
understood in every case, though they are the subject of con- 
stant research, and new discoveries are being made. In the 
main, however, they regulate growth and activity of the body. 
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An illustration of this function is shown in Figure 37. The 
child in A (Fig. 37) has a defect of the thyroid gland, pre- 
venting proper growth and development; in B is the same 
child after treatment with the internal secretion of the thyroid 
of the sheep. 

Connective tissue. — Connective tissue serves the body 
by affording support to its several parts. In accordance with 
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Fig. 38. Fatty tissue is composed of fat cells held together by bundles of 
connective tissue. 


the function performed, the tissue has special names. Where 
it is loosely hung together, filling spaces, it 1s called areolar 
tissue. When these spaces become filled with deposits of fat, 
it is known as fatty tissue (Fig. 38). In the walls of the blood 
vessels, it contains many elastic fibers, and hence 1s distin- 
guished by the name elastic tissue. In ligaments and tendons, 


‘ze it, and the name fibrous 
strength and toughness characterize 1t, 


An 
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tissue is employed. During the process of development, 
calcium salts are deposited in certain areas of connective 
tissue, and thus arise cartilage and bone. 

Ligaments. — Ligaments bind the ends of bones together 
to form joints. The elbow, shoulder, knee, and ankle joints 
are thus maintained by these tough, fibrous bands of connec- 
tive tissue called ligaments. 

Cartilaginous tissue. — Some parts of the body require tissue 
having something of the rigidity of bones, yet capable of 
bending under pres- 
sure. This purpose %exp or To 


C: artilage Cells 


is fulfilled by the Group or 
elastic tissue called 44’ Coy 
cartilage. Under the  wcrus 
microscope, cartilage 
is seen to be com- 
posed of cells, often 
arranged in pairs 
(Fig. 39), which suggest the fact that they have been formed by 
the division of one cell. The substance between the cells is the 
product of the cells. It has been deposited by them and is 
called the intercellular substance or matrix. 

Cartilage may be readily felt in the nose at the tip, and in the 
ears. The cartilage of the ear contains an abundance of elastic 
fibers. The cartilage between the divisions of the vertebral 
column contains both yellow elastic and white fibrous cells. 
It is, therefore, in nature elastic and tough. 

_ Bone. — Just as white fibrous tissue Supports and holds 
in place the delicate cells and fibers of the organs, so bone 
and cartilage support the complete organs and hold them in 
their places in relation to one another. Cartilage and bone 
are closely related as to location, function, and development. 
For example, the flat bones, in infancy, forming the roof and 
sides of the Skull, are soft and flexible, being composed of 


Matrix 





Fig. 39. Under the microscope cartilage is seen 
to be composed of cells. 
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cartilage, except for a small patch of bone in the middle of 
each. As growth proceeds, the bones touch and interlock, 
replacing the cartilage. 

If a bone is broken, the new part, as it forms, is first carti- 
laginous and afterward it is replaced by true bone. Growth in 
length of the bones takes place in the cartilage at the ends of 
the bones. A person ceases to grow in height at about the age 
of twenty-five on account of the ossification of the cartilage. 





Capillary 


Fig. 40. This diagram indicates the source and relation of the tissue fluid 
and the beginning of lymph vessels. 


Vascular tissue. — Between the cells of the body there are 
spaces, which are filled with a fluid that is derived in part from 
the cells. These spaces are in connection with the channels 
that form a great system of tubes throughout the body, the 
blood and lymph vessels. The connection of the tissue spaces 
with the blood vessels is indirect, and the fluid portion of the 
blood passes through the walls of the blood vessels to reach 
the tissue spaces. The connection with the lymph vessels is 
direct, however; in fact, the smallest lymph channels begin in 
the spaces between the cells (Fig. 40). ap , 

From this, it would appear that the fluid in the tissue spaces 


is derived from the activity of the cells and also by the passage 
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of fluid from the blood vessels into the spaces surrounding 
the cells. This fluid in the tissues is the source of the fluid in 
the lymph vessels and is called /ymph. 

Blood and lymph. — The blood and lymph are classed as 
tissues, although they lack the stable forms that mark the 





From Burton-Opitz, “An Elementary Manual of Physiology” 


Fig. 41. This diagram shows the relati 
eee tion of lymph to blood. C, blood 
capillaries; 7, tissue cells; L.D, lymphatics; L, lacteals; V, villi of ines 


Li, lymphatic from liver: é : 
eet od e iver; R, receptacle; T.D, thoracic duct; S.V, subclavian 


other tissues. The blood contains many cells floating in a 
fluid, called the plasma. The lymph is mainly fluid, containin 

a small number of cells as compared to the ate? in oe 
blood. In the tissues, the lymph serves as a middleman be- 
tween the blood and the cells. The nutrient materials brou ht 
to the cells by the blood are passed to the lymph cent z 
the cells and the waste materials from the cells are given ee 
to the blood. The diagram in Figure 41 illustrates some of 
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these complexities of the blood and lymph; they will be de- 


scribed in full later. 


Functions of vascular tissue. —'The blood has many functions. 
It carries oxygen (Fig. 42) from the lungs to the body cells. 





Fig. 42. The diagrams show magnified 
corpuscles: a, red corpuscles (blood cells) 
seen from the side; b, red corpuscles seen 
on edge; c, section through middle of red 
corpuscle; d, red corpuscle swollen with 
water; e, white corpuscles. 


It serves as a trans- 
porting vehicle for food 
materials from the diges- 
tive tract and the liver 
to the cells. It carries 
waste material from the 
cells to the lungs, skin, 
and kidneys for removal 
from the body. It as- 
sists in equalizing the 
temperature of the body 
by bringing the heat 
from deeper parts to the 


surface of the body. It serves to maintain the water con- 
tent of the body. It carries in the plasma substances secreted 
by the endocrine glands. When a vessel is severed, the escap- 
ing blood coagulates and prevents too great loss from the 





e blood are engulfing particles of India ink. 
r destruction of bacteria. 


Fig. 43. Here white cells of th 
This action is similar to thei 
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body. It contains substances and cells in the 
plasma that attack the agents of disease (Fig. 43). 

Muscular tissues. — The function of contrac- 
tility which is very highly developed in mus- 
cular tissue, is shown in all the muscles of the 
body. This power of contractility arises from the 
chemical change going on in the muscle from 
the oxidation of sugar. The food materials con- 
taining sugar or starch, which may be readily 
transformed into sugar, are taken to the muscle 
after a series of changes in digestion. Oxygen 
from the air, by way of the lungs, reaches the cells through 
the blood. The union of oxygen and sugar gives rise to heat, 
and this form of energy is responsible for the contractile 
ability of the muscle. 

Muscular contraction and chemical change. — How does the 
oxidation of food produce motion? We learn that the amoeba 
and other one-celled animals move by changing the shape of 
the cell. Many of the cells of the body have lost the power 
of contraction, but the muscle cells 
retain it (Fig. 44). Muscle cells 
differ in shape and, to some extent, 
in structure; but they are all alike, 
in that they get broader and shorter 
when they contract (Fig. 45). The 
food that is most easily burned in 
the muscle is sugar. Sugar is stored 
in the muscle in the form of glyco- 
gen, and when a nerve impulse 
comes to the muscle it causes the 
sugar to undergoa chemical change. 

3 This chemical change produces 
eee d Pec a heat in the muscle. and the heat 

en they ? 
contract. Causes the muscle cells to become 











Fig. 44. 
Muscle cells. 
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shorter and broader, and thereby gives rise to what is known 
as muscular contraction. If sugar is deficient in the muscle, 
it is possible for the cells to burn fat and protein. The waste 
from this combustion of food materials causes the fatigue that 
is experienced after muscle work. The waste may be likened 
to the ashes or clinkers left in the furnace after the coal has 
burned. 

The duration of a simple muscular contraction varies in 
different animals. The following table gives the duration for 
four animals: 


eee Re ee edn eee ao 1S Oa, OLR second 
Rabbits. 2h, cs Oe oe eae second 
Piagy Walvcties oo Sar, meee kw imek 0.100 second 
Tetsu) Wes 5 fe se. eee a) 1.000 second 


Notice that the duration of muscular contraction of a 
terrapin is about 333 times that of an insect. 

The height of a muscular contraction depends upon the 
strength of the nerve impulse and whether the muscle is fresh 
or fatigued. In other words it depends upon how hard one 
tries and upon how much work has been done. The strength: 
of the contraction, however, is greater after some work has 
been done. This is due to the stimulating effect on muscle 
of the fatigue products of the first contractions. For this 
reason, athletes always warm up before trying for a record or 
running a race OF playing a game. Muscular power is greater, 
sf one has had plenty of sleep and rest at the proper interval 
before the activity. Figure 46 shows how fatigue occurs in 
the muscle that moves the finger. By using an ergograph, 
which is an instrument for recording the work done by a 
muscle or muscle group, each contraction may be marked on 
smoked paper, and the increase and decrease in muscular 
efficiency noted. 

Alcohol and muscular efficiency. — People have had_ the 
erroneous idea that alcohol helps the individual to do work. 
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This belief arose because of the drug effect of the alcohol 
upon the brain. It has been shown that from 8 to 10 per 
cent less work is done when alcohol is taken, even in such 
small amounts as that present in a pint of beer. Professor 
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Durig, a mountain climber, experimented with alcohol on 
Mt. Bilkencrat in the Alps, to determine the effect upon mus- 
cular efficiency. On the days when he took alcohol equiva- 
lent to the amount contained in 22 glasses of beer, “his watch 
showed that it took 21.7 per cent longer to reach the top of 
the mountain than on the days when he took no alcohol.” 
On days when he took 30 c.c. of alcohol, it required 9 hours 
to climb the mountain that he could climb in 8 hours without 
alcohol (Fig. 47). 

It has been shown that alcohol impairs the efficiency of 
athletes in all contests. A test was made at a marathon race 
in Germany with reference to the ability of those who were 
drinkers and those who were not. The first four men to cross 
the line after covering a distance of sixty-two miles were 
abstainers. More than half of the drinkers fell by the way 


but only two of the abstainers dropped out of the race. 


In 
baseball the same test has resulte 


| d in managers insisting upon 
abstinence. Connie Mack, manager of the famous “Athletics,” 
in the years when they twice won the championship in both 
leagues, said, “Baseball men are not now of the drinking class. 
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8 hours without alcohol 
9 hours with alcohol 


Fig. 47. Without alcohol the climber reached the top of the mountain in 
8 hours. When he had had 30 c.c. of alcohol, it took him 9 hours to make 
the same climb. 





The fact is that a big-league player has to be in trim day in 
and day out, or he is sent to the minors. It is the survival of 
the fittest.’” He who would excel in sports must leave alcoholic 
drink alone. 

In games and sports of all kinds the speed of the reflex 
actions is an important factor in athletic success. Alcohol 
impairs the efficiency of the reflexes. In one series of experi- 
ments it was found that the consumption of alcohol increases 
the latent period (slows the response) 10 per cent and reduces 
the efficiency 46 per cent (Fig. 48). 

Nerve tissues. — As a tule, the cells of the body are, as 
we have already discovered, microscopic in size. There are, 

however, some cells which 
seeeeeces have parts extending several 

feet in length. There are cells 
with branches which reach, 
for instance, from the spinal 
cord to the toes. A mass of 
nerve tissue called the braim 
occupies almost all of the 
Time SERs 10h greeter than S-E skull, and the lower part of 
Respere AH og % lees ok Ae this nerve tissue forms the 
Fig. 48. Alcohol increases the spinal cord. Nerve tissue 


latent period and reduces the re- : ; 
rponba dl this knee-jerk. forms also the glistening 
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white cords, called nerves, 
going from the brain and 
spinal cord to all parts of = 
the body. However com- 
plicated nerve tissue may 
seem to be, it is found to 
consist of nerve cells and 
their branches, called nerve 
fibers. Some cells are ar- 
ranged in a distinct mass 
called a ganglion. 

Nerve structure. — A 


herve consists of a great Fig. 49. Nerve cells of different 
number of cell branches animals vary in complexity; A, frog; 


; B, lizard; C, rat; D, man. (After Ram6n y 
or nerve fibers, just as a Cajal.) 
number of telephone wires 
are sometimes bound together in a cable. Nerve cells 
grow, become active, and die, as other cells. They likewise 
consist of protoplasm with a nucleus and nucleolus. A 
number of processes branch off from them; from some cells 
only one or two; from others, many (Fig. 49). One of these 
processes, larger and longer than the others, forms the axis 
cylinder or axon. The axon, which is a continuation of the 
jellylike protoplasm of the cell, forms the central and is the 
essential part of the fiber and is surrounded in most fibers by 
a sheath of fatty material (Fig. 50). This is for nourishment 
and protection of the axis, and it is this that gives to the fiber its 
characteristic ivory-white ap- 
pearance. The whole is strength- 
ie ened by being enclosed in a 
Connective Tissue Cylinder thin, delicate sheath of con- 
if Fig. 50. This diagram shows Mective tissue. Some of the 
aon of naa’ ene ea nerves go to the muscles, and, 
per wire used in electric wiring? — passing between the bundles of 
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Cross-section of Spinal Cord 


Fig. 51. Impulses from the tip of the finger 
to the spinal cord result in a message to the 
muscles of the arm. This illustrates a reflex arc. 


muscle fibers, soon divide into bran- 
ches. These branches subdivide in the 
Muscles muscles until they ultimately send a 
of Arm . yee. 
single nerve fiber to each of the indi- 
vidual muscle fibers. 
How nerves and muscles work together. 
— Suppose you put your hand on a hot 
stove or sharp pin; it is immediately 
jerked away. What processes take place 
in this act? The heat of the iron of 
prick of the pin causes 4 disturbance 
in a nerve fiber ending just under the 
Muscles skin of the finger. This disturbance 
of Hand : : 
travels rapidly along the axis, or core, 
of the nerve, and is called an impulse. 
It is not a visible change, but some 
influence that travels from particle to 
Pin particle. It can be compared somewhat 
4 to an electric current passing through a 
wire. When it reaches a nerve cell in 
the spinal cord, the disturbance there causes the cell to send 
out impulses along its other branches or fibers. 
Some impulses (Fig. 51) are sent down the arm again to 
its muscles, causing them to contract. The arm is jerked 
away, as We Say, by reflex action, Of action without will on our 


TREN 
gy 





Photo from Gendreau 


Fig. 52. The out-of-doors brings its joys to those who participate in hiking 


trips or other outdoor activities, 
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part. Other impulses go at the same time to the brain, and 

become conscious of what has happened. The fred which 
carry impulses to the nerve cells (afferent) are called sensor 
nerves, or nerves of feeling, and those which carry aa 
from the cells to the muscles (efferent) are called motor nerves 
or nerves of motion. Nerve fibers transmit impulses, but ue 
not originate them. An impulse in a nerve can be aia by 
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Fig. 53. Five classes of tissue are illustrated in this cross-section of the arm. 


a pinch, a prick, electricity, a drop of acid, a hot wire, a cold 
object, or a thought. 

Suppose you step out of a warm house into a cold wind. 
Your face immediately blanches or turns white. Let us see 
how this can be accounted for. There are muscle fibers in the 
walls of the blood vessels. The cold ait excites impulses in 
the sensory nerves of the face, which travel to the enlargement 
at the top of the spinal cord just at the base of the brain, called 
the medulla oblongata. Here the impulse reaches a nerve center 
which sends it along another set of nerves that go to the 
muscle fibers in the walls of the blood vessels, causing them 
to contract, and the face turns white. Thus we see how closely 


related are these two tissues. 
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If we consider that the nerves reach almost everywhere in 
the body, and that the muscles of the body weigh nearly as 
much as all other tissues together, we realize how important 
these tissues are. Let us count up some of the activities in 
which the muscles are necessary: swallowing, digesting food, 
breathing, blushing, writing, walking, talking, looking, tast- 
ing, chewing, frowning, smiling, laughing, circulation of the 
blood. There are only a few things, such as hearing, smelling, 
and feeling, that can sometimes be accomplished without 
muscles. In their functioning, muscle and nerve cannot be 
separated. Body reacts on mind; mind controls the body. 


FACTS TO REVIEW 


1. Explain what is meant by the “‘unity of the organism.” 

2. List the five kinds of tissues, naming the primary function 
or functions of each. Is it necessary to exercise more care and 
attention to certain tissues than to others? Why? 

3. Illustrate the protective function of epithelial tissue by 
describing the structure of the skin. You may wish to draw a 
diagram, using Fig. 25 as a model. Make clear the type and shape 
of the cells of the dermis and epidermis, the position and func- 
tion of the fat cells, blood vessels, nerves, sweat glands and oil 
glands. 

4. Give in your own words what is meant by: (1) dandruff; 
(2) a pore; (3) insensible perspiration; (4) “proud flesh”; (5) hair 
follicle; (6) an albino. 

5. What are the distinguishing features of a blister, a wart, 
and a mole? 

6. Discuss the structure of hair. If a hair is pulled out, what 
determines whether it will grow again? 

7. What causes the hair to “stand on end” when an animal 
is frightened or when a person is cold? 

8. Why is linen used for towels? 

_ 9. What color of clothing is best adapted to summer? To 
winter? How may rubber shoes make the feet damp? 

10. Illustrate the secretory function of epithelial tissue by de- 
scribing the structure of the alimentary canal. Include also a dis- 
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cussion of the secretory glands that open into the alimentary 
canal. 

11. Give the meaning of the following: mucus, saliva, endo- 
crine, thyroid. 

12. What are the functions of the glands of the alimentary 
canal and of the endocrine glands? 

13. Differentiate among the four types of connective tissues: 
areolar tissue, fatty tissue, elastic tissue, and fibrous tissue. 

14. Name some places where ligaments and cartilage are found 
in the human body. 

15. Can one grow taller after twenty-five years of age? How 
successful are the machines that are sold to increase one’s 
height? 

16. Discuss the structure and function of vascular tissue. In 
this connection distinguish between lymph and blood. 

17. Give a chemical explanation of the process of contraction 
of muscles. 

18. Describe the structure of a nerve fiber. 

19. Trace the path of a disturbance of a pin prick from the nerve 
end to a muscular reaction. 

20. What is the difference between sensory and motor nerves? 

21. What is the influence of alcohol upon the muscular and 
nervous system? 


QUESTIONS TO THINK ABOUT 


1. Why does the heat seem more oppressive in humid weather? 

2. Which should usually wear warmer clothing in winter, a 
farmer or a merchant? Why? 

3. Think of some regular treatment which would give your 
hair proper care. What principle are you following ? 

4, Suppose you reach home fatigued after a game of tennis. 
Should you take a warm or a cold bath? Explain your answer. 

5. Why is a complexion considered beautiful when pink? 

6. Can you think of any reasons that might cause a man to be 


overheight? , 
7. If you had no elastic tissue in your body, what functions 


would be different? 
8. Why is it desirable to “warm up” before trying to run fast: 
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INTERESTING THINGS TO DO 


1. Try to pick up a pin without using the nails. = ie 

2. Make a list of the structures formed by connective tissue. 

3. Make a drawing of a long bone and show where growth in 
length takes place. 

4, Draw a diagram showing where plasma and lymph are found 
and their relationship. 

5. Experiment — To study the structure and arrangement of 
an orange. 

Material. — Navel orange. 

Method and observation. — Peel the orange and separate a segment. 
Gently break open a segment and observe the small globules filled 
with juice. These small units are not the 
cells of the orange but they resemble 
cells in having a retaining wall and a fluid 
within the wall membrane. Thus while 
composed of juice, the whole orange ap- 
pears as a solid. 

6. Experiment — To study cellular 
structure. 

Material. — Onion (Fig. 54), slide, Figen Sastre 
medicine chopper Tene BIG, caf onion dete 

icro- 

Method and observation. — scope. Nuclei Re 

(4) Peel a thin piece of tissue from Mase cae So Larne 
an onion root and place on a slide. 

Observe with low and high power and identify cellular structure. 
(6) With a clean toothpick take a scraping of cells from the ti 
of the tongue or inside of cheek. Place scraping on slide and id 
one drop of methylene blue. Allow the stain to remain one minute 
then remove the excess of stain by gently flushing the slide Sidi 
water from a medicine dropper. Cover the scraping of cells with 
cover glass and place slide under microscope. See if you can 
identify the cell wall, nucleus, and protoplasm of the various cells. 

7. Experiment — To study cells and tissues. 

Use prepared slides ! showing different tissues and exhibit these 
under the microscope. Let the pupils see the main varieties. 


1 Permanent preparations of cells a i 
nd tissues may b i 
and Lomb Optical Company, Rochester, New York, aise poeta ora 
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CHAPTER IV 


BUILDING GOOD TISSUES 


The rules of the game in relation to good tissues 
Penalties of the game 
Penalties from alcohol 
Penalties from drugs 
Penalties from marihuana 
Penalties from tobacco 
Penalties from tea and coffee 
Indications of good health 
Scoring your health 


The rules of the game in relation to good tissues. — 
The cells and tissues of the body are continually changing their 
composition. Thus, the body is constantly being made over. 
This is most interesting and suggests the possibilities of 
self-development and self-culture. To provide the conditions 
that will result in the most favorable changes for the cells is a 
challenge to every boy and girl. Proper air, appropriate food, 
intelligent care of the functions of the body, adequate sleep, 
right ways of thinking and feeling, prevention of infections, 
and wholesome physical activity are the means for the building 
of good tissues. If the rules of the game are followed, the 
game is more pleasant for all and penalties are avoided. 

Penalties of the game. — The following statement is taken 
from The Official Basketball Guide for Women, 1944-45; 


Rule 12. 
Section 2, A player shall not 


Behave in an unsportsmanlike mannet. 
79 


80 HEALTHFUL LIVING 


Penalty — for sec. 2. 

4. Free-Throw for Goal given to opponents. Technical Foul 
charged against offender. 

b. If committed against opponent who is in the act of throw- 
ing for Field Goal, 1 Free-Throw for Goal given opponents 
if Goal is made in spite of Foul. Two Free-Throws if 
Goal is missed. Technical Foul charged against offender. 


The following is taken from The Official Football Rules, 1945: 
Rule 10 — Conduct of Players. 

Section 3. Unsportsmanlike Conduct. 

Article 1. There shall be no unsportsmanlike conduct on the 
part of the players either during the game or between the 
halves. This shall include the use of abusive or insulting 
language to opponents or officials. Concealing the ball be- 
neath the clothing, substituting any articles for the ball, using 
any “hideout” play in which a player takes part who apparently 
has been replaced by a substitute, making an invalid signal 
for a fair catch, or the calling by a player on defense of words 
or signals for the obvious purpose of disconcerting the offense 
shall be deemed unsportsmanlike conduct. 

Penalty — Loss of 15 yards. If the ball was dead when the 
offense occurred, the penalty shall be enforced from the spot 
from which the ball would next be put in play had no foul 
occurred. If the ball was in play when the offense occurred, 
the penalty shall be enforced from the spot where the ball 
was put in play. | 

For flagrant unsportsmanlike conduct, loss of 15 yards and 
disqualification. 


The rules set the standard for play; the penalties are imposed 
on those who violate the rules. In the game of life there are 
similar provisions. The health rules provide the standard of 
living; penalties of ill-health result from breaking these rules. 

Penalties from alcohol. — Arthur Hunter, of the New York 
Life Insurance Company, in a report of the Department of 
Health of New York City, shows that the death rate among 
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abstainers is from 10 to 30 per cent lower than among non- 
abstainers. This report agrees with the British statistics, which 
also show that alcohol has an unfavorable effect on longevity 
and that total abstinence increases longevity. The Actuary 
of the Mutual Life Insurance Company, after an experience of 
fifteen years, came to the following conclusion: 


The difference between those who drink beer and those who 
drink water is unmistakable, while the loss on beer drinkers has 
been almost the same as among wine and spirit drinkers. 


The experiments of Professor Hodge on four puppies 
showed quite clearly that alcohol interfered with the normal 
growth and activity of the dogs. These experiments were 
performed by giving a small amount of alcohol in the food 
of two of the puppies and comparing their growth and activity 
with the two which did not receive alcohol. The following 
results appear: 


1. The puppies receiving alcohol were far less playful. 

2. The puppies without alcohol in their diets had much greater 
endurance and more resistance to disease. 

3. The puppies receiving alcohol showed fatigue much sooner. 

4. The puppies receiving alcohol were more timid. 

5. When all the puppies were full grown, there were marked 
differences in appearance, but the striking effect of alcohol was 
shown in the offspring of the four dogs. Bum and Tipsy, the two 
which received alcohol, were unable to be as good parents as Nig 
and Topsy, the two which received no alcohol. Of the twenty- 
three puppies descended from Bum and Tipsy, only 17 per cent 
lived to be normal dogs. Of the forty-five puppies descended 
from Nig and Topsy, 90 per cent were healthy puppies (Fig. 55). 


The results on offspring described by Professor Hodge are 
not usual outcomes in experimental work of this character, 
for the treatments administered were more severe than prob- 
ably any human being has ever undergone. 
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It is not necessary, however, to show that alcohol impairs 
offspring in order to condemn its use. It injures the one who 
uses it and is likely to harm friends and family also. 
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O= Normal offspring 
@ GO = Born dead or deformed 


Fig. 55. In his experiments with puppies Professor Hodge found that 
alcohol impaired the descendants of dogs. At the left are the offspring of 
Bum and Tipsy; on the right, the offspring of Nig and Topsy. 





Penalties from drugs. — The physician uses drugs in illness 
to produce certain effects in the body. He can change the 
rate of the heart or the force of the blood pressure. He can 
stimulate or quiet the nervous system. He can increase the 
activity of the sweat glands, cause changes in the intestines, 
and relax the muscles. But all the effects are accomplished 
because of some condition existing in a sick body. The giving 
of medicine must be preceded by a diagnosis of the illness. 

There are some people who are so ignorant of the human 
body that they are willing to treat themselves and even their 
friends with virulent drugs and patent medicines (Fig. 56). 
These persons frequently recommend a drug or endorse a 
headache powder because it relieved a certain friend, but they 
fail to realize that every case of illness varies in a marked 
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Fig. 56. The percentage of alcohol varies in patent medicines and in 


liquors. 


way, and that the same symptoms may be present for different 


diseases. 


Some people use drugs because they have formed a habit. 


Drug habits are very 
injurious because the 
dose must constantly 
be increased to have 
the desired effect, and 
in time the person be- 
comes dependent on 
it. Morphine,  co- 
caine, heroin, head- 
ache powders (Fig. 


57), bitters, and 
tonics are prepara- 
tions that are in- 


jurious when used 
carelessly. They are 
to be used only on 
Prescription by a 
physician. 

The well body does 
“ot usually need stim- 


Y- 


BEWARE OF ACETANILID 


A large proportion of the most common 
headache medicines sold at drug stores 
depend for their effectiveness on the heart- 
depressing action of acetanilid. In some 
cases three or more grains of this drug are 
present in each dose. 

The Pure Food and Drug Law requires 
all makers of patent medicines to indicate 
clearly on the labels of such preparations 
the presence of acetanilid and other dan- 
gerous compounds. Hence one has but to 
read the labels and avoid these nostrums 
in order to protect himself. 


Take no headache remedy without consulting 
a doctor, unless you are sure it contains no | 
acetanilid or other heart depressant. Make the 
druggist tell you. He is responsible, 





Adapted from Peabody and Hunt, 


“ Elementary Biology” 
Fig. 57. Most headache remedies contain 
acetanilid. 
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ulation from alcohol or drugs. The stimulating effects of 
exercise, wholesome food, fresh air, and good companions 
are far more valuable. Alcohol must not be thought of as a 
wholesome stimulant, because it does not construct the body 
but it destroys. This is one reason why a person who has 
been used to alcoholic drinks recovers less rapidly from an 
accident or surgical operation than one who uses none. Sick 
benefit societies in England have shown that members in the 
abstaining societies have about half as much sickness as those 
in the non-abstaining societies. 

In general, it may be stated that care of the body with 
reference to hygienic living is the best kind of advice to give 
to people who are continually ailing. Sickness that requires 
a physician is sometimes unavoidable, and in such a case 
care should be taken to call a good physician, and his directions 
should be exactly followed. Self-drugging by the public is 
considered by some the most fruitful cause of disease in the 
United States. ‘Mind cures’ and such ideas often do more 
by rescuing victims from heedless use of medicines than 
through any healing effect upon disease. 

Penalties from marihuana. — Marihuana is the Mexican 
name for the hemp plant. Although it is not a plant native 
to the United States, it grows easily here and the weed is now 
widely distributed. 

When the dried flowers and leaves are crushed and made into 
cigarettes, they yield a smoke that varies in its effect on people 
— some will become stupid and others will show the wildest 
frenzy and even commit murder. The drug is habit-forming 
and produces an addict who will go to any lengths to secure 
the smoke. The marihuana cigarette is often used by gangsters 
to bolster up their courage before committing a crime and 
some thoughtless young persons seeking a “thrill” have 
smoked these cigarettes with disastrous results. The youth 
with life ahead of him needs to know the danger of habit- 
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forming drugs in order to understand why he should avoid 
ee cigarettes are also known as reefers, ee 
miggles, mooters, Indian boy, Indian hemp, joy smoke, loco 
weed, grifas, grifos, 
greefas, greetas, and 
Mary Warner. 
Penalties from to- 
bacco. — There is a 
distinction to be 
made between the 
effects of tobacco 
upon youth and 
adults. The effect 
of tobacco is most 
marked upon growth, 
and for the young 
person this is very 
important. The ex- 
aminations of Dr. 
Edward Hitchcock 
of Amherst College Tae 


students showed that Fig. 58. Lou Gehrig was retired from base- 


students who did not heat the applause of the nation ringing in 


smoke gained in 

height 37 per cent more than those who did, and gained in 
chest girth 42 per cent more than the smokers. Dr. G. L. 
Meylan of Columbia University found from his records that 
“the scholarship standing of the smokers was distinctly 
lower than that of the non-smokers.” 

The use of tobacco handicaps the boy who is interested in 
athletic achievement. The coach of an athletic team does 
not want the players to smoke because he knows it is not 
good for them, and also because he knows that it prevents them 
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from developing into first-class athletes. Even if he cated 
nothing about the welfare of the members of the team, he 
would prohibit smoking because of the sure failure in competi- 
tion of a team of smokers. 

The effect of smoking on girls is the same as on boys. 
According to some observers, girls and women tend to 
smoke to great excess because of the greater leisure they 
enjoy. All effects from smoking are in proportion to the 
physical condition of the individual and to the amount of 
tobacco used. 

Penalties from tea and coffee. —Tea and coffee are stimulants 
in common use. Some persons use both without injury as far 
as they know. On the other hand, coffee-drinking to excess 
disturbs the digestion and deranges the eyesight of many 
people. Some persons suffering from indigestion do not know 
that the cause is coffee. With some people, tea is such a 
stimulant that it interferes with sleep. It should be remem- 
bered that both tea and coffee do not nourish the body; they 
offer nothing useful in the building of good tissues. Although, 
used in moderate amounts, both tea and coffee are probably 
not injurious to mature healthy people, boys and girls should 
not form the habit of using either. 

Indications of good health. — One may be not definitely 
sick and yet lack the feeling of good health. This is expressed 
at times as not being up to “par.” Health is not only a 
condition of freedom from disease but also a quality of life, 
and it is to our advantage to keep ourselves at the highest ana 
best level of health attainable. In this connection there are 
certain indications of health that are valuable: 


1. Consciousness of feeling well. Allied to this, of course, is the 


absence of pain. 
2. Enjoyment of activity of muscle and mind. One is not at the 
highest point of efficiency if activity is not enjoyed. 
3. Sound sleep with a feeling of being rested in the morning. 
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One should be sleepy when tired out, and one is in normal condition 
in this respect if he can go to bed and sleep. . 

4. Normal appetite and normal digestion. The power to enjoy 
wholesome food, and eat and enjoy a good breakfast. 

5. Power to remove the waste of the body without taking drugs. 

6. Poise and control in the muscular movements of the body. 
This means the involuntary movement of breathing also, and 
requires that the individual breathe calmly, deeply, and regularly. 

7. Ability to accomplish the work that lies ahead. This does not 
mean that all work must be successful, but there should be the feel- 
ing that there is achievement. 

8. Throughout all these activities, the happy, cheerful disposition 
is a sign and indication of good health. This does not mean that 
one must go about with a smile or grin on the face; but a habit of 
meeting difficult tasks without fear or discouragement should be 
cultivated. 


Scoring your health. — Many persons fail to understand 
that the quality of health may be improved. They live with- 
out personal effort to enrich their lives. On the contrary, 
every intelligent person should have the desire to take charge 
of his life and to make himself as efficient as possible. Such 
advice is not directed at those who are ill. They usually are 
doing a great deal to get well. It is meant to apply especially 
to those who are not sick, because even the well, by better 
living, can attain an increased strength. No experiment in 
the laboratory of the school is half as fascinating as this one 
of personal improvement. 


FACTS TO REVIEW 


1. What happens when a tule is violated in basketball? Is it 
reasonable to expect penalties for violation of health rules? 


2. Discuss the penalties which may be expected from the use 
of alcohol. Morphine and cocaine. 


3. What are marihuana cigarettes ? 
4. What injury may result from smoking cigarettes? 
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5. Make your own list of the signs of good health. Compare 
this with the one given on pages 86-87. 


QUESTIONS TO THINK ABOUT 


1. Name some cases in which an illness was definitely caused by 
violation of a health rule. 

2. Are the basketball players on your school team prohibited 
from smoking or drinking alcoholic beverages? Tell of some 
organizations which will not allow members to smoke or drink. 

3. Do you know any adult who drinks an excessive amount of 
coffee? Does the person seem nervous? 


INTERESTING THINGS TO DO 


1. Score yourself on a card similar to the form on page 89. 
Keep a record during this school year and try to better your score. 

Mark yourself from poor to excellent in accordance with the way 
you have measured up to the items in the left-hand column. 
Your teacher will help you to determine what is poor, fair, medium, 
good, and excellent performance. 

Assign values to the scores in your Health Record as follows: 
excellent, 100; good, 80; medium, 60; fair, 40; and poor, 20. 
After you have completed this, total your score. This can be made 
a class exercise. The average for the class should be determined, 
and you will then know how you compare with the average of the 
class. 

2. Experiment — To study a one-celled organism with reference 
to its 

(a) structure 
(b) reaction to stimuli 


(c) properties 


Material. — Hay infusion," pipette, glass, slides, cover glasses, 
microscope, alcohol, and medicine dropper. 


1 Instructions for making hay infusion: Place a few grains of boiled wheat in 
distilled water in a jar and set the jar in a light, warm spot, preferably near a 
window. A bacterial film will form on top of the water. Introduce into the 
culture some water taken from a stagnant pool, or some grasses that have grown 
along the edge of river or pond. In several days organisms can be collected from 


the scum on top of the water in the jar. 
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HEALTH RECORD 








ITEMS 


Poor 
Fair 
MerpIuM 
Goop 
EXCELLENT 


| 
| 
| 





1. AIR. Bedroom windows open at night. Out of 
doors at least two hours a day. 


2. FOOD. Milk, green vegetables, whole-wheat 
bread, butter, fruits, meat once a day, no tea or 
coffee. 


3. CARE OF THE BODY. Bathed regularly. Bowel 
movement daily. Teeth cleaned after each meal. 
Washed my hands before eating. Have had cor- 
rected all defects that I know could be corrected, 
such as dental caries, diseased tonsils, etc. 








4. SLEEP. Sleep from 9 to 10 hours every night. 


5. THINKING AND FEELING. Have been cheer- 
ful and courageous. Have been helpful to others. 
Have been honest with myself. 


6. PREVENTION OF INFECTION. Have not ex- 
posed myself or others to infection. Have given 
immediate first-aid treatment to small injuries 
likely to cause trouble — pin pricks, blisters, etc. 
Have beet. vaccinated. 


7. PHYSICAL ACTIVITY. Have played or exercised 
out of doors every day. 
tf 
Method. — With the pipette draw a few drops of the scum which 
collects on the hay infusion. This scum usually contains a great 
number of one-celled animals, called paramecia. Place a drop of 
this material on a slide, cover with a cover glass, and examine the 
specimen under low power of the microscope. 
Observation. — 


1. What is the structure of the organisms seen? Is therea definite 
shape? 

2. Do they move? Do they move with a definite end forward ? 
Do they move in any definite direction? 

3. Add a drop or two of alcohol at the side of the cover glass. 
What happens to the movement of the organism? 

4. Place a heated needle at one side of the cover glass. Does this 
produce movement in any particular direction ? 
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5. Are there paramecia around an air bubble? What do they get 

from that? Is an air bubble necessary for the obtaining of oxygen 
by this organism? 
6. Are there any paramecia undergoing division? Reproduction 
in this organism occurs when it is mature and follows definite 
laws of division. Draw paramecia showing structure, reaction to 
stimuli, and properties. 

3. Experiment — To demonstrate chemical and electrical action 
with reference to muscular and nervous activity. 

Material. — Test tube, pieces of zinc, sulphuric acid, zinc strip, 
copper strip, current key, electric bell or galvanometer. 

Method and observation. — 

(a) Into a test tube place several pieces of zinc, add some water 
until the zinc is covered. Feel the test tube and notice any change. 
Pour in sulphuric acid. Again feel the tube and note the change. 
The action resulting is chemical in nature and heat is produced. 
The energy formed here in this chemical action expresses itself 
as heat. The chemical action in muscle expresses itself as heat. 

(b) Make a voltaic cell by placing zinc and copper strips in a 
twenty per cent solution of sulphuric acid. Connect wires with the 
end of each strip and fasten the two wires by means of a key to an 
electric bell or galvanometer. When the key is closed, the bell will 
ting or the needle will move. The energy generated here produces 
heat, as can be determined by feeling the voltaic cell, but the 
characteristic effect is the production of an electric current. The 
chemical action in the nerve cell produces a nerve impulse which 
is similar to an electric current. 
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CHAPTER V 
ORGANS FORMED FROM TISSUES 


The different systems in the body 
Organs of the muscular system 
Organs of the skeletal system 
Organs of the digestive system 
Organs of the respiratory system 
Organs of the circulatory system 
Organs of the nervous system 
Organs of the excretory system 
Organs of the endocrine system 


The different systems in the body. — We have learned 
how the different types of body cells were arranged in tissues 
to form organs. This grouping serves the purpose of bringing 
together the cells of one kind for a specific task and is similar 
to the collective work of men and women in an industry. In 
the body we find muscle cells arranged in large masses for the 
purpose of contraction; in a similar way in human society we 
see the crew of a railroad train working together to accomplish 
some result. 

But the organization of the body is more complex than is 
indicated above. Organs composed of cells of the same or 
different variety are ‘co-ordinated into systems that carry out 
important life processes. A railroad system is an organization 
of men and women for the purpose of carrying on transporta- 
tion. It includes, in addition to its executive and administra- 
tive officers, trackmen, clerks, telegraphers, trainmen, and 
repair men. In similar fashion the digestive system, which is 


concerned with the preparation of food for the use of the body, 
92 
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includes in its working organization teeth, salivary glands, 
stomach, liver, gall bladder, pancreas, intestine, and colon. 
Not all of the bodily systems have so many different organs 
co-operating. The muscular system is composed entirely of 
muscles; the nervous system comprises brain, spinal cord, and 
nerves. But whether the bodily systems are composed of the 
same kind of organs or of many different organs, they are all 
alike in that the organs co-operate in the system to accomplish 
a specific result. The nine systems in the body are the muscular, 
the skeletal, the digestive, the respiratory, the circulatory, the 
nervous, the excretory, the reproductive, and the endocrine. 

It should be remembered that this division into systems is a 
classification for purposes of description. These systems do 
not function separately or in water-tight compartments. On 
the contrary, there is close co-operaticn between them. 

Organs of the muscular system. — The muscular system 
comprises: (1) The skeletal muscles (Fig. 59 *) which are the 
great bulk of muscles in the body. (2) The involuntary mus- 
cles in the walls of blood vessels, in the eye, in the walls of the 
alimentary canal, in the bladder and similar organs. These 
muscles are widely distributed but not great in amount. 
(3) The muscles of the heart. The heart is composed mainly 
of muscle. 

Organs of the skeletal system. — The skeletal system 
(Fig. 61) comprises the bones of the skull, vertebral column, 
thorax, shoulder girdle, pelvis, arms, and legs. These bones 
are assembled in a definite order and are held together by 
ligaments (page 61). The bones vary in shape, size, and func- 
tion, but together they form a framework for the body. 

Organs of the digestive system. — The organs of the 
digestive system are attanged so that the food taken into the 
mouth must pass along a certain tract and receive the action of 


* Figures 59, 60, 63, 64, 66, which a 


r i : 
pages 100 and 101. € colored inserts, will be found between 





From Williams, “ Textbook of 
Anatomy and Physiology” 


the skeleton with outline, of a man 


Fig. 61. This is a photograph of 
1 inch. (After McClellan. ) 


aged thirty-seven years; height 6 feet, 
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the secretions of the organs along the way. Study the diagram 
in Figure 60 and name the organs. From this study it will be 
seen that the digestive system is made up of many different 
organs and in this respect it is unlike the muscular or skeletal 
systems. But it is similar in that it is an Orpenication of organs 
for the accomplishment of a specific function. The function in 
this system is digestion. The organs are teeth, tongue, salivary 
glands, esophagus, stomach, liver, gall bladder, pancreas, 
small intestine, and large intestine. After the usable parts have 
been taken from the food, the remainder or waste is removed 
from the body. This waste should be removed regularly every 
day or the health may be impaired. 

Organs of the respiratory system. — In the case of the 
amoeba and paramecium, which have only one cell, it is pos- 
sible for oxygen and carbon dioxide to pass directly through 
the cell membrane. In higher forms, where so many cells are 
situated below the surface, a means must be provided for get- 
ting oxygen to the cells and removing the carbon dioxide. 
This is accomplished by the joint action of the circulatory and 
the respiratory systems. The organs of the respiratory system 
are nose, larynx, trachea, lungs; and the muscles of respiration 
are the diaphragm and intercostals (the muscles between the 
ribs). This arrangement provides for getting air into and out 
of the lungs, but it is dependent upon the circulatory system 
for conveying the oxygen of the air from the lungs to the cells 
of the body (Fig. 62). 

Organs of the circulatory system. — The simplest circu- 
latory system would be one in which there was a tube to con- 
tract and force on, by the aid of a valve, the fluid within the 
tube. The water supply system of a City is a means of circula- 


tion in which the pumps at the station, the water mains travers- 
ing all sections of the city, 


and the running water are the 
essential parts. 


The essential parts of the circulatory system 
of the body are the heart, blood vessels, and blood (Fig. 63). 
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In the city water system there are engineers who run the ma- 
chinery that pumps the water; in the body there are nerves and 
chemical substances that increase or decrease the rate and force 
of the heart’s beat. These controlling agencies are very impor- 
tant but they do not constitute a part of this system. They 
illustrate the harmonious 
action between different 
systems and one of the 
ways in which the nervous 
system co-ordinates and 
controls the other sys- 
tems. 

Organs of the nervous 
system. — The nervous 
system is an elaborate 
structure with a head por- 
tion, the brain, that con- 
trols the messages and 









SUS, arTERIAL BLOOD TO impulses from the sensory 
OXYGEN “Sr COMING 1N CivSP/RATION) : 
CARBON _—~ AR GOING OUT (EXPIRATION) areas. In Figure 64 the 
DIOXIDE \ KAN VENOUS BLOOD FROM 
OSA Rist sive OF Hearr nerves of the central nerv- 
< (52 ZSBLOOD CELLS 


aes wn. 
Fig. 62. The diagrams above indicate Ous ssystetia ary sho 


how air is taken into the lungs and how ‘Thesecome from the brain 


the blood comes in contact with an air sac ; srl 
and thus receives oxygen and gives up and spinal cord. In Fig 
carbon dioxide. (Modified after Adami wre 65 are the nerves of 


Sana the autonomic nervous 
system. These portions connect with the cord and brain, but 
function largely in relation to the internal organs of the body. 
Certain acts go on without the brain’s controlling them. 
These are reflex (central) and automatic (autonomic). 
Organs of the excretory system. ~~ As a result of chemical 
changes in the body, there are waste substances which must 
be removed. These, together with the excess of water in the 
blood, are eliminated by the chief organs of the excretory syS- 
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tem, the kidneys (Fig. 66). This system is very important in 
the maintenance of body health, and the efficiency with which 
it works determines very largely the health of the whole body. 
The large arteries, branching off 
from the main blood channel, 
carry the blood to the kidneys, and 
the veins carry it away after the 
waste has been removed. If the 
kidneys, through disease or other 
injury, become unable to remove 
this waste, the health of the body 
is impaired. The skin and lungs 
also eliminate waste from the 
blood. But the skin is primarily 
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a protective organ and the waste vs ne 
which it removes is not large. The 

lungs as part of the respiratory 

process remove carbon dioxide. ite 
Excretion ‘s primarily a kidney | Nerves 


function. 

Organs of the endocrine sys- 
tem. — The endocrine glands se- 
crete substances that are discharged 
into the blood stream. These sub- 
stances, called autacoids or hor- Fie65., The merterihe 


mones, have to do with the normal autonomic system connect with 
growth one development eke the spinal cord and the brain. 


body, the utilization of sugar by the muscles, and the normal 
action of the circulation and other functions. Secretions 

? > 
such as the saliva of the mouth, bile of the liver, and gastric 


juice of the stomach, are poured into ducts that 


open upon 
surfaces. ; 


For example, the salivary glands pour saliva into 
ducts that open upon the membrane of the mouth. Endo- 


crine glands, however, produce secretions that pass from the 
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cells of the glands directly into the blood stream. For this 
reason they are also called ductless and internal glands. The 
glands in this group are thyroid, parathyroid, pituitary, 
pancreas, adrenals, sex organs, and possibly the thymus 


yaries 
(Female) 






Testes 
(Male) 


Fig. 67. The endocrine glands 
produce secretions that pass from 
the cells of the glands directly into 
the blood stream. 


and pineal (Fig. 67). They 
will be described in a later 
chapter. 


FACTS TO REVIEW 


1. Name the nine systems of 
the body. Illustrate the co-opera- 
tive work of these systems by 
comparing them with some fa- 
miliar organization. 

2. There are three groups of 
muscles comprising the muscu- 
lar system. List these, indicat- 
ing as well as you can those 
that are voluntary and those that 
are involuntary. Which group 
has muscles that are more promi- 
nent in size? 

3. What are the chief parts of 
the skeletal system ? 

4. Study the diagram of the 
digestive system (Fig. 60). What 
ate its chief structures? 

5. Compare the method of 
breathing in oxygen and breath- 
ing out carbon dioxide of the 
amoeba and man. What are the 
organs and muscles of the te- 
spiratory system? 


6. Name the three essential parts of the circulatory system of 


the body. 


7. Examine Figures 64 and 6 
central and autonomic nervous systems. 


5. These show the nerves of the 


The nervous system is 


very complex, but try to explain in a few words its simple pattern. 
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g. What are the parts of the excretory system? | : 

9. It is known that substances called hormones secreted y 
the endocrine glands, have something to do with the norma 
growth and development of the body, the utilization of sugar by 
the muscles, the normal circulation, and other functions. How 
do these secretions reach the blood stream? Why are endocrine 
glands also called ductless and internal glands? 


QUESTIONS TO THINK ABOUT 


1. We know that body systems do not operate in water-tight 
cempartments. Can you give some illustrations ? 

2. Why is it necessary to classify the various systems before 
describing them? 

3. It has been stated that the nervous system co-ordinates and 
controls all the other systems. Give a reason for this statement. 

4. Can you think of a distinctive way in which the muscular 
system differs from the digestive system? 

5. Doctors sometimes prescribe thyroxin for patients that are 
greatly overweight. Do you know of any such instance? Is it a 
good idea for anyone who is much overweight to have a doctor’s 
examination? 


INTERESTING THINGS TO DO 


1. Make a drawing of the digestive system. Label the various 
organs. 

Probably the teacher or a student will wish to demonstrate the 
following experiments to the class: 

2. Experiment — To demonstrate the digestive organs. 
Obtain from the body of a cat or rabbit the stomach and intestines. 
Tie off the two ends. Show the relations between stomach and 
intestines. Indicate the membrane which keeps the intestines 
iN position and show how the blood vessels coming to the intestines 
run in the mesentery supporting the tube. (The mesentery is the 
membrane which keeps the intestines in position. ) 

3. Experiment — To demonstrate the organs of respiration and 
circulation, 
From the same source as in (2) obtain the lungs and heart. Place 


the specimen in water. Do the lungs float? Show the relation 
between lungs and heart. 
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4. Experiment — To demonstrate organs of the nervous system. 
Obtain from the butcher a fresh calf brain and also a section of the 
spinal cord of the hog or calf. Show how the spinal nerves come 
off from the cord and indicate the root of origin of the cranial 
nerves. 

5. Experiment — To demonstrate organs of the muscular 
system. 

Obtain from the butcher the fore leg of a calf. Dissect out the 
tendinous attachment of the muscles and at the joint indicate the 
difference between the tendon and the ligament. 

6. Experiment — To demonstrate the organs of the excretory 

system. 
Obtain from the butcher the kidneys from a calf and indicate for 
the class the arterial and venous blood supply. By a diagram show 
how the kidney removes waste from the body and emphasize the 
importance of water in the diet. 
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Fig. 59. 
Reproduced from the Frohse Wall Sized Anatomical Ch 
Publishers, Chicago, Illinois 


arts by permission of A. J. Nystrom & Co., 


On the other side of this page are back and front views of the body (man), 
showing the skeletal muscles. These muscles of the skeleton comprise 
the bulk of the muscular system. 





Fig. 60. 
Reproduced from an illustration by Leon Schlossberg for the Atlas 
Barnes & Noble, Inc. 


of Human Anatomy published by 


The organs of the digestive system are teeth, tongue, salivary glands, 
esophagus, stomach, liver, gall bladder, pancreas, small intestine, and large 
intestine. (See Fig. 60.) 





Fig. 64. 
arts by permission of A. J. Nystrom & Co 
, Illinois 


Fig. 63. 
Reproduced from the Frohse Wall Sized Anatomical Ch 


| 


Publishers, Chicago 


The essential parts of the circulatory system of the body are the heart, 
blood vessels, and blood. The red lines in Fig. 63 represent the arteries or 
blood vessels that conduct the blood from the heart; the blue lines, the veins 
through which the blood returns to the heart. 

The yellow lines in Fig. 64 indicate the nerves of the central nervous 
system. These nerves come from the brain and spinal cord. 





Fig. 66. 


Anatomical Charts by 
Publishers, Chicago, Illinois 


Reproduced from the Frohse Wall Sized _ bermission of A. J. Nystrom & Co., 


The kidneys are the chief organs of the excretory system. The large 
arteries, branching from the main blood channel, carry the blood to the 
kidneys, and the veins carry it away after the waste has been removed. 
(See Fig. 66.) 


CHAPTER VI 


THE SKELETON FRAMEWORK OF THE BODY 


What is the skeleton and what are its uses? 
Bones for attachment of muscles 
Bones for support and protection 
Bones for movement 

Parts of the skeleton 
The skull 
Vertebral column 
The thorax 
The upper extremities 
The lower extremities 
Structure and hygiene of the foot 

The composition of bone 

How joints are constructed 
Motion in joints 


What is the skeleton and what are its uses? — The skele- 
ton in the human body is a system of bones arranged to 
secure a number of purposes. The three outstanding func- 
tions of the skeleton, however, are protection, support, and 
movement. These functions are also seen in other animals. 
In the lobster (Fig. 68) the skeleton is placed on the outside 
and gives good protection; the muscles attached to it are on 
the inside but are greatly limited by this arrangement. In man 
the skeleton is on the inside, and the muscles of the body are 
arranged in groups upon it. This plan of construction not 
only gives protection and support but also favors easy move- 
ment. 

Bones for attachment of muscles. —'The bones that form the 


skeleton of man (Fig. 69) make possible not only movement 
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of the body itself 
but also of its parts. 
Muscles attached to 
two bones, on con- 
tracting and short- 
ening, pull the two 
bones towards each 
other. If the bone 
at one attachment is 
held in a rigid way, 
the contraction will 


Photo from Brown Brothers result in a movement 
Fig. 68. The lobster is a creat hi 
ure which hasan Of the other bone 


exoskeleton. 


towards the fixed 


part. We say, therefore, that bones serve for the attachment 
of muscles and give support from which the muscles can pull. 
Bones for support and protection. — Man could not be erect 


if there were not a rigid skeleton 
to support his organs and parts. 
Too, the bones serve for protec- 
tion, for even in man it is neces- 
sary to have the skeleton to pro- 
tect some of the delicate organs. 
But in man the skeleton serves 
more for support than it does for 
protection, due to the means of 
protection given by intelligence. 
Some animals also have devel- 
oped other means of protection. 
The scales of the fish, the quills 
of the porcupine, and the heavy 
fur of arctic animals serve to pro- 
tect these animals from various 
forces in their environment. 





Courtesy American Museum 

of Natural History 

Fig. 69. What similarity can you 
note between the skeleton of a 
man and that of a rearing horse? 
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Photo from Wide World 


Fig. 70. This beautiful forward one-and-a-half somersault can be accom- 
plished because muscles that attach to bones change the rate, direction, and 
speed of movement. 


In man the bones that protect the vital organs are flat, as 
the breastbone and shoulder blade; the ribs, which protect the 
heart and lungs; and the skull bones, which protect the soft 
and delicate brain. 

Bones for movement. — Bones serve for the attachment of 
muscles, they give support and protection, and they increase 
the possibilities of movement of the parts of the body. The 
muscles by their shortening accomplish very simple and im- 
perfect motions; by using the bones for support and as 
levers, this motion is changed in rate, direction, and place of 
application (Fig. 70). 

The long bones of the arms and legs, with the fingers and 
toes, have motion as their chief function. The ribs are flat, 
but they are the longest bones in the body in proportion to 
thetr size, and enable us to perform the important motions of 
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breathing. Yet they are classed as flat bones, for they lack the 
round shaft and enlarged ends or heads which typical long bones 
have. Even the bones of the instep, palm, fingers, and toes, 
which are the smallest of the long bones, have shaft and heads. 

Many of the small, short bones are stronger than the long, 
slender bones, or the flat, thin ones. They are not easily 
broken and their chief function is support. They are found in 
the ankle and the wrist. There are also irregular bones which 
have specialized purposes and are shaped accordingly. Ex- 
amples of these are the bones of the face and spinal column. 
We should remember that the irregular bones assist in the two 
other functions of protection and motion; also, that the long 
bones and the flat bones are not confined to one function but 
participate in all three functions. Study the following table 
and you will see how all the bones in the body are classified. 


CLASSIFICATION OF THE BoNES OF THE SKELETON 














Lone Bones SHoRT BoNES Fiat Bones TRREGULAR BONES 

The leg Tarsus or ankle (7) | Ribs (24) Vertebre (24) 

Bead Carpus or wrist (8) | Cranium or head | Sacrum 

os Patella or kneecap | Scapula or Coccyx 

; shoulder blade 

The foot Sternum or breast- 

Metatarsus (5) bone 

Phalanges (14) Clavicle or collar 
The arm bone 

comerds Pelvis or hip bone 

Ulna 

Radius 
The hand 


Metacarpus (5) 
Phalanges (14) 
De is ee 
Parts of the skeleton. — The central part of the skeleton, 
called the vertebral or spinal column, forms a firm but flexible 
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axis. The head rests upon the 
top of this column. The ribs are 
attached at its side to make the 
walls of the chest. The shoulder 
girdle rests upon the chest, and 
the hip girdle is attached to the 
base of the spinal column. These 
girdles connect the upper and Rietvic Tite Aiseeees oF ae 
lower limbs with the trunk. The  infant’s skull shows fontanelles 
bones of the head and trunk form # % S; 0 and P. 

the axial skeleton. The bones of the girdles and limbs are 
called the appended skeleton, since they are appended to the 
axial framework. 

The skull. —In the infant the skull bones have not com- 
pletely joined. There are small spaces between them filled by 
membrane. These spaces are called fontanelles. Notice the 
fontanelles in Figure 71. By the time the child is eighteen 
months old, all of the spaces have been filled in by bone so 
that the skull then is a firm, hard structure. 

The skull has two parts. One is the cranium, which contains 
the brain, and the other is the bony structure known as the 





ye 





From Walters, “Human Skeleton” 


_ Fig. 72. Uninten- Fig. 73. This type of Fig. 74 i 

tional flattening of flattening of the skull aes ee 

the back of the skull is found among Indians is caused by bandages 

due to cradle-board of the northwest coast. The Peruvian Indians 

if found among In- Compare Figures 72 carry heavy loads b 
1ans of the South- and 74, means of a stra : 

vie P across 


the head. 
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face. The shape of the cranium 
may be deformed by pressure, 
and this is a common practice 
among certain Indian tribes 
(Figs. 72, 73, 74). The bones 
of the face are sometimes 
deformed by the improper 
development of the teeth, or 
by mouth breathing. 
In some of the bones of the 
face there are cavities between 
the outer and inner surfaces. 
Fig. 75. The shaded areas indi- soe : 
cate the frontal sinuses (above the Such a cavity 1s called a sinus. 
eyes) and the maxillary sinuses ‘There are the frontal, ethmoid, 
(on the sides of the nose ). : os 
maxillary, and sphenoid sinuses. 
The mastoid behind the ear is of the same character. These 
cavities connect with the mouth or nasal passageways and are 
lined with mucous membrane that is continuous with that of 
the mouth and nose. This accounts for the ease with which 
infection in the nose travels into the sinuses and explains why 
sinus trouble frequently follows a cold. One should always 
blow the nose very gently during a head cold. A forceful blow 
is apt to send infectious material into the sinuses. The posi- 
tion of the frontal and maxillary sinuses is shown in Figure 75. 
The position of the sphenoid sinus 1s indicated in Figure 76. 
Vertebral column. — The vertebral column consists of twenty- 
six bones that are joined together and held in place by strong 
ligaments. The uppéet twenty-four bones — seven cervical, 
twelve thoracic, and five lumbar — are called vertebra, the 
twenty-fifth is the sacrum, and the last is the coccyx. The 
sacrum is composed of five bones fused to make one, while the 
coccyx 1s usually made up of four fused bones. Thus, in child- 
hood, before these bones are knit together, there are thirty- 
bones in the column, while, as has been said, in adults 





Photo from H. Armstrong Roberts 


three 
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there are only twenty-six. 
Each vertebra contains a 
central opening which is 
continuous throughout 
the column. This canal- 
like opening contains 
the spinal cord. Between 
two adjoining vertebre, 
there are lateral windows 
which give passageway 
for the nerves entering 
and leaving the spinal 
cord. Surmounting the 





From Walters, ‘‘Human Skeleton” 


; Fig. 76. This diagram of a median 
vertebral column is the section of a human skull indicates the 


skull. The brain and frontal sinus (f.s.) and the sphenoidal 
P sinus (s.s.). (After Spaltehodz. ) 

spinal cord are continu- 
ous at the joint between column and skull. Below, the sacrum 
fits in between the bones of the pelvis (Fig. 60). 

The function of the column seems to be two-fold. It gives 
support to the body as a whole. Rising from the pelvis, it 
forms the shaft around which the trunk is built. Its other 
function is revealed in the position of the spinal cord and 
attached spinal nerves. These structures are arranged to receive 
the greatest protection from injury. Although the column is 
freely movable, it is extremely difficult to dislocate it because 
of the way in which the parts of the vertebre interlock and 
because of the binding effect of the strong ligaments. The 
notion that the vertebra easily slip out of place is erroneous 
and is not based upon scientific truth. Between the separate 
vertebre are elastic pads or cushions which favor motion, and 


in the thoracic region the ribs, which are attached, restrict 
motion. 


Curves of the spine. — When the vertebral column is viewed 


from the side (Fig. 77), it shows four curves. The cervical 
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Cervical 
Vertebre 


Thoracic 
Vertebrez 
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From Kimber and Gray, “ Textbook 

_ of Anatomy and Physiology” 

Fig. 77. The vertebral column 

is made up of twenty-six bones 

arranged so that they form four 
curves. 


curves. 


tained. Some boys and girls stoop over so muc 
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curve starts with the first vertebra 
and extends to the second thoracic 
vertebra. It is convex forward. 
The thoracic curve begins with 
the second thoracic and ends with 
the twelfth thoracic. This curve 
is concave forward. The lumbar 
curve begins with the twelfth 
thoracic and ends at the junction 
of sacrum and fifth lumbar. It 
is convex forward. The sacral 
curve completes the picture with 
a deep concavity forward. Figure 
78 represents the curvature in 
these sections. The degree rep- 
resents the number of degrees in 
a segment of a circle of which 
this curve is the arc. The figures 
given in inches represent the ra- 
dius of each segment. 

The thoracic and sacral curves 
are called primary curves because 
they are present when the child is 
born. The cervical and lumbar 
curves are compensatory of Sec- 
ondary, because they develop after 
birth by the effort which the child 
makes to hold up his head, to 
crawl, and later to walk erect. 
Now, the important thing for us 
to remember is that mature pro- 
vides us with a backbone that has 


These curves are normal and they should be main- 


h that they 
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increase the thoracic 
curve. This destroys 
their good appearance 
and also interferes 
with the development 
of their lungs. Girls 
by improper modes of 
dressing often increase 
the lumbar curve too 
much. This results in 
a weak and painful 
back. 

The thovax,— The 
thorax, or chest, is 
formed in the rear by 
the twelve 
vertebre; in front, 
somewhat parallel to 


thoracic 


the spinal cclumn, but 
approaching it above, 
is the sternum, or breast- 
bone (Fig. 79). 
Twelve ribs curve 
aroundeach side. Each 
rib joins one of the 
thoracic vertebra be- 
hind. The first seven 
pairs directly join the 
sternum in front by 
means of short carti- 
lages, and are called 
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Are of/8 degrees 
Radius of Are 6% in. 


THORACIC -------------- 
Are of 42 degrees 
Radius of Are 12% in. 


LUMBAR CURVE 


Are of 80 degrees 
fradius of Are S4Fin. 


SACRAL --------------- 


Arc of 125 degrees 
fradius of Arc 2kin. 





Fig. 78. This diagram, which faces in the 
opposite direction from that in Fig. 77, repre- 
sents the four curves of the spine — the cervi- 
cal, thoracic, lumbar, and sacral. These 


curves are normal. If they are changed, the 
body is injured. 


true ribs. The mext three pairs, called false ribs, do not 
reach the sternum, but each rib unites to the rib above 
by a long cartilage. The last two pairs are called floating 
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ribs, since the front 
ends are not attached 
to a bone either di- 
rectly, like the true 
ribs, or indirectly, 
like the false ribs, 
but rest in the mus- 
cular walls of the 
waist. 

The upper extremt- 
ties. — The upper ex- 
tremities or arms are 
Fig. 79. This is a front view of thorax and attached to the trunk 


shoulder girdle, showing projection of the by two bones, the 
heart on the chest wall. : 





clavicle (collar bone) 
and the scapula (shoulder blade). The former is easily broken, 
such a fracture being one of the most common casualties in 
football. In the upper arm is one bone; in the forearm two 
(Fig. 60). The wrist is composed of several bones; and the 
hand of numerous ones that give a framework for the palm 
and fingers. 

The lower extremities. —'The lower extremities or legs are 
attached to the trunk by means of an irregular arrangement of 
bones that form the pelvis, which contains the bladder, rectum, 
and generative organs. The thigh is supported by one large 
bone and the leg below the knee by two — an arrangement 
similar to that in the arm. At the knee joint, where the tendon 
from the large muscle of the thigh passes over the joint, there 
is a small bone called the patella, or kneecap. When the muscle 
of the thigh is relaxed, this bone may be readily moved from 
side to side. 

The arrangement of the bones in the foot (Fig. 60) is 
similar to that in the hand. There are the small bones of the 
ankle region and the long thin ones of the main part of the 
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foot. Beyond these 
are the small pieces 
that form the toes. 
Because of the de- 
formities and defects 


of feet it is impor- 
tant to describe the 
foot structure in some 


detail. 


Fig. 80. The long arch of the foot carries the 
weight between heel and toe. High heels 
throw the weight forward on the toes. 


Structure and hygiene of the foot. — The foot must support 
the weight in walking, and it must serve as the mechanism 
through which we transfer the body from one place to an- 


other in locomotion. 


purposes? 


How is the foot adapted to these 


In the first place, the bones of the foot are arranged to form 
an aes extending from the toes to the heel (Fig. 80). This 





Fig. 81. This 
is a track of a 
natural foot. 
Compare your 
footprint by wet- 
ting your foot 
and making a 
track on the floor. 


arch is low on the outer side 
of the foot, and here the tis- 
sues covering the bones are 
in contact with the ground 
(Fig. 81). On the inner side, 
however, that arch is high 
and is held in place by liga- 
ments (see page 63) on its 
under surface, by small mus- 
cles (Fig. 82) attached to the 
bones of the foot, and by the 
tendons (see page 143) from 
the calf muscles which pass 
under this part of the foot on 
the way to the toes. In addi- 
tion, the heel bone (os calcis) 
is placed more to the outer 
side of the foot. These ana- 





Fig. 82. Mus- 
cles and tendons 
on the sole of 
the foot serve to 
bend the _ toes 
and support the 
arch. 


Diz 





Fig. 83. Notice how weight on 
the inner side of the feet breaks 
down the arches. 
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tomic facts mean that the 
weight of the body can be 
carried to the best advantage 
on the outer side of the foot 
(Fig. 83). We should use the 
body in conformity with the 
laws of its construction, for 
in this way we shall be more 


efhcient. In walking, there- 


.fore, the weight should fall 


on the outer side of the foot 
(Fig. 84). 

In the second place, the 
muscles on the under surface 
of the foot (Fig. 82.) must be 


kept strong and the muscles of the calf, going to the toes, 
must be exercised. It is important, therefore, to walk with the 
feet parallel. This will more readily bring the weight on the 


Fig. 84. In walk- 
ing the feet should be 


held parallel. The 
weight should be 
placed on the outer 
borders of the feet. 





outer side and in ad- 
dition will allow bet- 
ter action of the foot 
muscles. If the feet 
are turned outward 
in walking (Fig. 85), 
the weight of the 
body will be trans- 
ferred to the inner 
side of the foot just 
over the arch instead 
of passing forward 
over the toes. The 
feet should not be 
turned inward, that 
is, should not be 





The feet 


Fig. 85. 
should not be turned 
outward while walking 
because the weight is 
then wrongly placed on 
theinner side of the feet. 
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“pigeon-toed.”” The parallel position of the 
feet only is correct. 

Shoes must not cramp the toes or press 
the toes outward. This occurs in pointed 
shoes and prevents the proper action of the 
foot muscles (Fig. 86). If the foot is to re- 
main useful and efficient, the arch must not 
be subjected to a change in position of 
the bones of the foot. High heels throw the 
bones of the arch out of position and prevent 
proper foot action (Fig. 80). Women who 
wear extremely high-heeled shoes injure the 





feet, limit greatly their ability to move, and 
frequently suffer from backache caused by 
the tilting of the pelvis that follows from 
the abnormal foot position. 

The composition of bone. — Bone is 
covered with periosteum. This is the name 
given to the close-clinging fibrous covering 
of the bone, composed of connective tissue 





Fig. 86. his 
track was made 
by a foot whose 
natural arch was 
partly broken 
down by tight 
shoes. If the arch 
breaks down en- 
tirely, the foot is 
called “‘flat foot.” 


and blood vessels. If we remove the periosteum from the sur- 
face, the red marrow from the pores, and the yellow marrow from 
the larger cavity, we have remaining the true bony substance. 
Yet even this is not one substance, but consists of mineral 
matter and animal matter in the Proportion of two parts of 
the former to one of the latter. The animal matter is gelatin, 
like the substance composing the white fibrous part of con- 


nective tissue. The mineral matter is chiefly phosphate and 
carbonate of lime. 


How joints are constructed. — Th 
of two bones makes a 


bands of connective t 


€ meeting of the ends 
joint and this joint is held together by 


issue, called ligaments. Ligaments are 
composed of white fibrous tissue. Are they tough? Are they 


elastic or non-elastic? The way the bones are placed in the body 
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the bony arch. 
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a 


a 


to allow movement is 
shown in the X-ray 
picture (Fig. 87). The 
shadow shows the out- 
line of the ankle, with 
the bones of the tarsus 


nd the lower end of 


the tibia and fibula. 
The ligaments holding 
the bones to form the 


nkle joint donot show 


in an X-ray. This pic- 
ture indicates how the 


Fig. 87. This X-ray of an ankle shows tar- bones arekept together 
sus and lower end of tibia and fibula. Notice and yet are freetomove 
one upon the other. 


Now all joints are not alike in the movement they allow. 
Some have very little motion; others move freely and over 
quite a range. As the bones forming the skull have practically 
no motion in adult life, they are called fixed joints. They are 
remarkable in that the bones fit into each other by toothed 
edges, forming irregular lines, known as sutures. Other joints 


which we shall 
study have a free 
type of move- 
ment. 

Let us take the 
knee joint (Fig. 
88 ) for example. 
The two bones 
which join are 
the femur and 
the tibia. They 
present to each 


Knee Joint Lined 


Fig. 88. O 






Ligament 









; ; f 
Ligament 7 rust, 
Synovial Fo/d~ \l oo” ToT 





Cavity of 


by Synovial 
Membrane 


this vertical section t 


bserve the construction of a knee joint in 


hrough the joint. 
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Courtesy of Boots and Saddles Riding School 
Fig. 89. The great freedom of movement of young persons is due to the con- 


dition of their joints. 
other an enlargement, or head, which serves to increase the 
strength of the joint and increase the surfaces applied to 
each other. The two heads, instead of being formed entirely 
of rigid bone, are covered by cartilage, which, by its elasticity 
and smoothness, provides for the gliding of one bone upon 
the other. As we have said, fibrous ligaments bind the ends 
of these two bones together. Surrounding the ends of the 
bones, like a collar, is found a ligament (the capsular ligament) 
enclosing the space of the joint in a closed sac. This closed 
sac is called the capsule. A thin membranous sac, called the 
synovial membrane, lines the capsule. It secretes a slimy fluid 


which resembles the white of an egg and is called the synovial 
fluid. This lubricates the joint, and is deposited 


but only so fast as used up in exercise. 
opening, 


continually, 
As the sac has no 
air is excluded, and atmospheric pressure aids in 
nolding the bones in place. The hip joint and other loints 
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Photo from Acme 


Fig. 90. A ball player must maintain freedom of movement in his joints. 
Diseased tonsils or decayed teeth may cause disability in the shoulder joint. 


have the same parts as the knee joint. It is rarely that two 
bones fitting together so perfectly are forced from their natural 
places. When this happens, it is called a dislocation. 

Motion in joints. — Some joints in the body, for example the 
joints between the bones of the skull, do not permit motion. 
Most joints, however, do afford movement in the arrangement 
of the parts. This motion is quite variable, as may be ob- 
served on examination of the movements possible in the 
shoulder, elbow, wrist, knee, hip, and ankle. Young persons 
exhibit greater freedom of movement in joints than older 
), but adults may prevent undue limitation of 
movement by avoiding the sedentary life and the condition of 
overweight which so frequently is the characteristic of adult 
Diseased tonsils and teeth frequently cause limita- 


persons (Fig. 89 


persons. 
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tion of movement in joints, but this condition may be cor- 
rected by removal of the source of the disturbance. It is not 
uncommon for professional ball players with diseased tonsils 
and decayed teeth to develop pain and disability in the shoulder 
joint (Fig. 90). The removal of the cause in these cases is 
generally followed by a remarkable improvement. 

The uninformed person will frequently resort to patent 
medicine, freak “‘electrical’’ treatments, and other unscientific 
“cures” for pain and disability in joints. The practice of call- 
ing such conditions ‘“‘rheumatism” is a mistake. Persons 
suffering from joint conditions of this kind should seek the 
advice and help of a good physician. 


FACTS TO REVIEW 


1. The skeleton in the human body serves what three purposes? 
In what respects is the skeleton of man better adapted to locomotion 
than the skeleton of the lobster? 

2. What action of the muscles enables man to move? 

3. The vertebral or spinal column forms an axis to which other 
bones are attached. Name (1) the bones that form the axial 
skeleton; (2) the bones of the appended skeleton. Which bones 
form a protection for important organs? 

4. The skull has two parts: the cranium, which contains the 
brain, and the bony structure known as the face. How does a small 
infant’s skull differ from that of a mature person? 

_ 5. What is a sinus? Name and give the location of the four 
sinuses. 

6. Study the drawings of a spinal column on pages 108 and 109. 
(4) Name the bones making up the column. (6) What are the 
two functions of the spinal cord? (c) What are the normal curves 
of the spine? May these curves be increased without injury to 
the body? 

7. Copy on a separate sheet of paper and complete the follow- 


ing: The upper extremities or arms are attached to the trunk by 


two bones, the _? and the ? - The upper arm contains 2 


I W —_—. ? 
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«8. Copy on a separate sheet of paper and complete the follow- 
ing: The lower extremities or legs are attached to the trunk by an 
irregular arrangement of bones that form the _?_. The thigh is 
supported by _?_ bone and the leg below the knee by _?_. At 
the knee joint there is a small bone called the _?_ or _?_. The 
bones in the foot are _?__ to those in the hand. 

9. Examine the three drawings of the foot on pages 111 and 
113. Describe the structure of the human foot. 

10. What injurious effects may the wearing of high-heeled 
shoes produce? 

11. Describe the composition of bone; also how joints are 
connected. (Study the drawing of a knee joint, page 114.) 

12. What are common causes of pain in the muscles and joints? 











QUESTIONS TO THINK ABOUT 


1. Since the head of the infant may be shaped by pressure, what 
conclusion would you draw from the observation that some people 
have long and some round heads? Would your conclusion be 
sound ? 

2. Mouth breathing may deform the jaw bones. Why do you 
think this is true? 

3. If you heard that a person dislocated a vertebra, what facts 
would help to form a judgment about the report you heard? 

4. Ligaments do not contain elastic tissue. What does this 
imply when an ankle is sprained ? 

5. From your knowledge of the structure of the foot, describe 
the proper method of using the foot in walking and running. 

6. From your knowledge of the form employed by sprinters, 
describe how they use their feet. 


INTERESTING THINGS TO DO 


1. Wet the soles of the feet and stand on brown paper. Note 
the long arch. Is it well marked? 

2. In the summer, when at the seashore, observe the marks 
you make when you walk on the sand. Do you walk properly ? 

3, Practice moving the spine. See if you can flatten the dorsal 
curve and decrease the thoracic curve. What does this do for 


your erect posture? 
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4, Enlarge the chest by lifting the ribs. Which ones move most? 

5. Experiment — To study the organic and inorganic parts of 
bone. 

Material. — Hog’s rib, glass beaker, dilute hydrochloric acid, 
- and alcohol. 

Method and observation. — Place the rib free from all muscle 
and connective tissue in the beaker and cover with the acid. Leave 
in the acid until the bone becomes elastic. When the bone is 
removed from the acid, be sure to wash off with water all excess 
acid. 

If the experiment is well done, the bone can be tied into a knot. 
If you wish to keep it as a curiosity, it can be preserved in dilute 
alcohol. 

The organic material of another bone may be removed by holding 
the bone on a shovel in a fire. The time required depends upon 
the heat available and the size of the bone. 

When this experiment is completed the shape of the bone 
remains, but now it is very brittle, breaks easily, and weighs much 
less than the original. 
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Essential facts in the growth and development of bones 


The nourishment of bones. — Ifa limb be disused because 
of paralysis or long sickness, the bones, as well as the soft 
parts, lose in strength and weight. This shows that the more 
vigorous circulation which comes with exercise helps to repair 
the osseous (bony) tissue. The blood vessels that supply 
the bones enter from the inner side of the periosteum, which 
‘5 the fibrous membrane that envelops the bone. We thus see 
why the bone shrinks away if the periosteum is removed, and 
why the surgeon is careful to leave as much of the periosteum 
as possible in the case of bones splintered by accidents. 

The animal matter of bones is most abundant in childhood, 
and a child’s bones will bend before they break. If broken, 


they heal rapidly. The animal matter is less abundant in the 
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aged. Therefore, the bones are brittle and more easily broken, 
and they take longer to heal. 

Broken bones. — The two ends of a broken bone should 
be brought together in their correct position (Fig. 91) as soon 
as possible, before inflammation and swelling render this 
difficult. Of course, a surgeon should be called to set a broken 
bone. If the patient has to be carried some distance, care 
should be taken to prevent injury to the fleshy parts by the 
ends of the broken bone; the limb may 
be bound with handkerchiefs to a strip 
of board, or even to umbrellas or walk- 
ing sticks, as temporary splints. Learn 
the first-aid treatment for broken bones. 

Dislocations and sprains. — A dis- 
location sometimes tears the ligaments 
(page 63) surrounding it, producing 
inflammation. This makes examination 
of it difficult, hence there should be no 
delay in procuring the necessary skill 
and restoring it to place. 

A sprain is an injury due to a sudden 
wrenching or tearing of the ligaments, as 
a result of which a ligament is lacerated 
or torn from its fastenings to the bone. Prod Willions *beahot o 
A bad sprain may be more serious than Anatomy and Physiology” 
a fracture and result in stiffness or in , 18-91. This draw- 

ing of the femur of a 
permanent weakness (Fig. 92). Im- aoe ae: the fifth 
{ : wee a 
bah inlay ther spring ae ae ieorai 
g the were not set 
ankle is sometimes beneficial. If there ear 
is delay in treatment and the joint swells, then use hot water. 
Careful rubbing — very light at first and gradually increasing 


in vigor from day to day — may shorten the period of recovery. 
Learn the first-aid treatment for a sprain. 
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Weak feet.— In dis- 
cussing the foot it was 
pointed out that the feet 
Bad Sprain are very important parts 
of the body. If we are 
to be able to do the many 
things in games and work 
that we want to do, we 


<— Normal 


Fig. 92. Wrenching or tearing of liga- 
ments causes a sprain. must have strong feet. 


Feet are not all beautiful 
and many persons are ashamed of their feet. That is because 
they have deformed them by improper shoes and improper walk- 
ing. Figure 93 shows a flat foot that resulted from improper 
use of the foot. Notice the well-shaped feet in Figure 94. 

Foot exercises. —To strengthen the muscles of the feet the 
following exercises will be found useful: 

1. Stand with the feet parallel about three inches apart. 
Roll outward on the outer borders of the feet. 

2. Stand with the feet parallel about three inches apart. 
Rise on toes and then lower heels slowly with weight on outer 
borders of the feet. 





Fig. 94 


two pictures. In Fig. 93 the foot is flat because 
d. In Fig. 94 the arches are normal. 


Fig. 93 


Compare the arches in these 
the arch is depresse 
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3. Walk on outer 
borders of the feet 
with the feet par- 
allel. 

4. Sit with feet 
parallel and flat on 
the floor. Raise the 
arch by attempting 
to draw the toes to- 
wards the heel (Fig. 
95). Fig. 95. To strengthen the muscles of the feet, 

5. Sameas number try the ground-gripping exercise. 
four — standing. 

Exercises should be done ten to twenty-five times daily. 

Characteristics of a good shoe. — Most people assume the 
following rule in selecting a shoe: If you can just draw on 
a shoe without much effort and sit with it on the foot for 
ten minutes, it will be comfortable to walk in and wear all 
day. Yet such a shoe is one size too small for walking. 
Many makers no longer number their shoes plainiy because 
of the vanity of some purchasers. A new shoe should be as 
comfortable as an old one. Persons who, because of silly 
jokes about big feet or for other reasons, have the idea that the 
shoe should leave no extra room, but should fit as if it were 
covering a wooden foot, will always get uncomfortable shoes. 
If a shoe is too loose, it slips up and down at the heel and 
chafes the skin there. If too tight, there is pressure on the 
toes, which causes a corn or ingrowing nail. 

The choice of a shoe that will provide the necessary protec- 
tion to the foot and that will not injure it is very important. 
Such a shoe will have a heel low and as broad as the foot. The 
sole of the shoe should be, in outline, essentially the same as 
the outline of the foot and it should have a particularly straight 
inner line. The shoe should fit tightly over the heel and should 








Fig. 96 

Shoes should be made to fit the 
foot. Feet should not be crowded to 
fit the shoe. 


Fig. 97 
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grip the foot through the in- 
step, leaving plenty of room 
in the region of the toes. 
Compare the illustrations in 
Figures 96 and 97, and keep 
these points in mind when 
buying your next pair of 
shoes. Examine Figure 98 to 
see the shape of foot char- 
acteristic of primitive people. 
Civilized man does not re- 
quire a foot exactly like this 
but he cannot afford to con- 
strict the forward portion too 
much. Compare Figure 98 
with Figure 99. The latter is 
a photograph of the soles of 
the feet of the subject in Fig- 


ure 94. Notice the straight inner line, the absence of bunions, 
and the impression given by the picture of power and elasticity. 

Deformities of the spinal column. — This comes chiefly 
on account of the yielding nature of the cartilage. The extent 


of the compressibility of 
cartilage may be realized, if 
one’s height is measured 
upon rising in the morning 
and again at night, when 
the loss in height sometimes 
amounts to nearly half an 
inch. The cartilages between 
the vertebra are very thick, 
so as to give flexibility to 
the spinal column. This fact 
brings with it a danger of 


* 


Fig. 98. Primitive feet were un- 
hampered by shoes. 
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deformity. If the head is bent 
forward continuously in study 
or work instead of being held 
up, the upper cartilages are 
compressed in front, the liga- 
ments stretch, and a deformity 
of the neck may result, causing 
the head to project forward. 
Working with the desk low in 





Z Courtesy, The First Institute of Podiatry, 
front, ot working upon the Long Island University 


ground, may cause round Fig. 99. Observe the character- 
istics of good feet. 


shoulders. 

Lateral curvature of the spine. — Tight clothing deforms the 
ribs, which are easily altered because of the long cartilages. The 
binding down of the front ends of the ribs causes posterior 
curvature of the spine, with flat chest and round shoulders. 
Lateral, or sidewise, curvature of the spine may be caused by 





Carrying books so that they rest on the same hi 
about lateral curvature of the spine. Note that 
moved, the spine is nearly straight. 


p day after day may bring 
when the books are re- 
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constantly carrying books (Figs. 100, 101) in the same hand; 
by writing at a desk that is too high; and by improper and 
insufficient food, so that the muscles are weakened. The 
proper way to carry books is to distribute the load equally ia 





Fig. 102. Posture of a woman of 1895-1900. (From The Delineator. ) 


each arm or to use a brief case. It is important that girls, 
especially, learn to carry books in the proper way at all times. 


/ is 
Posterior curvature of the spine. — Posterior curvature 


caused by habitually bendiag over the work and by slipping 


ee . ° 1e 
down in the'seator desk, trying fO.SIEUPON the small of th 


back.” It is caused also by weakness of muscles, by wearing 
shoes with high heels, and by writing at a desk that is too 
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low. In curvature of the spine, the cartilages become V-shaped 
and the ligaments stretched. Shoulder-braces should not be 
worn tc correct round shoulders. If they hold the shoulders 
back, they do the work of the muscles, with the result that 
the muscles become 
weaker and less able 
to maintain a good 
posture. Corrective 
exercises are neces- 
sary iN many cases, 
and they should be 
given by the teacher 
of physical educa- 
tion or the school 
physician. If an in- 
correct posture is 
habitually assumed 
in walking, in carry- 
ing books, ce: other- 
wise, one should 
not expect to re- 
cover natural grace 
of form by wearing 
a brace. Exercise 
of the neglected Courtesy of Mabel Ellsworth Todd 


muscles, that is, Fig. 103. Compare the posture of a woman 


. of 1920 with that of a girl of today (see Figure 
Opposite muscles, 111). Note the curve of the spine and the shape 
instead of those of the chest. 





that were used excessively while acquiring the deformity, is 
a great aid. Posterior curvature may be improved by sleeping 
on the back on the floor or on a hard mattress. 

Styles in clothing and posture vary. Some women follow such 
styles slavishly with injury to their bodies and health. Figures 
102 and 103 show postures and dress in two different periods, 
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Postures. — The bones are more or less flexible in child- 
hood, so that the postures we assume while we are growing 
children will determine and control, very largely, the shape of 
our bodies when we become grown. If a young tree is bent, 
it grows into a crooked tree. Although postures are many 
and not one, there are four positions so commonly employed 
that special attention should be given to acquiring good form 
inthem. These are sitting, lying, 
standing, and walking. 

Sitting. — One should sit in a 
chair or at a desk so that the 
trunk is kept straight (Fig. 104) 
and any inclination should occur 
at the hip joint. The weight is 
cattied by the pelvis and not by 
the sacrum in good sitting. This 
not only looks better but it allows 
the organs in the chest and ab- 
domen to act in a free and un- 
obstructed way. Proper seats are 
necessary for good sitting pos- 
tures (Fig. 105). 

Fig. 104. The effort in sit- Lying down. — When the body 
ak ee be to keep js reclining, all the muscles should 

be relaxed. There should be no 
effort to hold the body in any particular posture. The proper 
lying position is on the right side or partially on the face. | 

Standing. — It must be remembered that the upright post- 
tion of man is difficult to maintain. Attention must be given 
to the matter. It is very helpful to have postures reflect health- 
ful actitudes (Fig. 106). The standing postures of the Chinese 
are different from those of the American. The postures of 
people of the same race vary because they are expressing dif- 
ferent things in the way thev stand. This is a very important 
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fact. The body speaks all the time and tells many things by 
the positions it takes (Fig. 108). We should be sure Shs 
are having it tell the things that we are willing to stand or. 
Observe the walk of people on the street and see if you can 
tell what they are thinking about or how they are segs 
What do you express in your body as you walk to school: 
The standing position in order to be most efficient must be 
in balance. The weight 
must be carried on the 
outer bordersand theballs 
of the feet (Fig. 107). 
This does not mean that 
the heels are not to touch 
the ground. The head 
should be carried on top 
of the chest and not 
projected forward as if 
it grew from the front of 
the chest. 

Walking. —In walk- 
ing, the weight should 
be carried on the outer of. =<. * 
side of the feet, the feet Photo by Day fi 
ld be pices ee ee Sara ed 
ground parallel to eac 
other (Fig. 84), the chest should be carried well forward, and 
the arms should swing easily at the side. In Figures 108, 109, 


110 and 111, tell the good and bad points in the postures 
shown. 





If the habits of the body in motion and at rest are incor- 
rect, if the parts are not clothed Properly, the flexible bones 
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legs are often caused by encouraging children to walk while 
too young. They may also result from improper methods of 
feeding while infants. 

Essential facts in the growth and development of 
bones. — For proper growth and development, the bones 





Courtesy, The First Institute of Podiatry, Long Island University 


Fig. 107. These are perfect feet. They give the impression of strength 
and elasticity. The line of weight is carried to the outer sides of the feet, 
and the position of the big toe is straight. With feet like these a person can 
run, swim, dance, and do well in many sports. 


must be used correctly, Any constant incorrect use will result 
in distorted and crooked bones, producing a form that is less 
able to move quickly and easily, and hence a form that is less 
eficient. Good food and pure air brought by a vigorous cir- 
culation are essential. Poor or indigestible food, stimulants, 
and poisons affect the health and strength of the bones. Sur- 
scons report cases of fracture in persons having the alcohol 
habit, in which the bones would not unite by bony material, but 
remained flexible and useless. Indulgence in alcoholic liquors, 
especially wine, is a very common cause of gout, a disease of 
the joints. Smoking in childhood often impairs the appetite 





Photo irom Black Star 


Fig. 108. Notice the balance of this tennis player. Excellent muscular 
co-ordination is essential to playing this game well. 





Courtesy of Sargent Summer Camp 


e of this riding position. The rider ap- 


Fig. 109. Notice the good postur 
trol that is not always present. 


pears as well poised as the horse — a con 
132 


HYGIENE OF THE SKELETON 133 





Courtesy of Barnard College 


Fig. 110. In this posture the Fig. 111. In this posture the 
weight is on the balls of the feet, the weight is tilted forward by the high 
trunk is erect, and the head upright. heels. The lower back is curved, 
This gives balance and control. and the abdomen is thrust forward. 
Note the low heels. The trunk is unbalanced. 


so that the individual does not receive adequate nourishment, 
Hence growth in height is lessened. This is the explanation 
of the saying, “Smoking stunts the growth.” It must be 
remembered, also, that gtowing parts are deformed by condi- 
tions that interfere with Proper functioning. In this way, 


adenoids may cause marked deformity of the bones of the 
face (Fig. 112). 
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In childhood proper growth 
and development of bone de- 
pends upon the presence of 
certain important substances 
in the diet. These will be 
studied more fully in a later 
chapter dealing with the Hy- 
giene of Nutrition, but the 
usefulness of minerals and vi- 
tamin D will be mentioned 
here. Direct sunshine is also 
Fimtefom Brown Bros valuable in prevention of 


Fig. 112. This boy shows the bone deformity in young chil- 
expression of a person who has 
adenoids. 





dren. 


FACTS TO REVIEW 


1. Explain why in case of a fractured bone, the surgeon is 
careful to remove as little of the periosteum as possible. What 
is the periosteum? 

2. Do bones ever bend before they break? When? 

3, Look up in the appendix, the first-aid treatment for a fracture 
and a sprain. 

4. What are the dangers in connection with the dislocation of 
a bone? What emergency treatment would you suggest? 

5. List five exercises useful for strengthening the muscles of 
the feet. 

6. Name the characteristics of a hygienic shoe. Do your shoes 
fit this description? 

7. The cartilages between the vertebre give flexibility to the 
spinal column. How does this fact bring with it a danger of 
deformity? 

g. Describe the characteristics of a good sitting posture and 
good postures in standing and walking. Compare your own 
posture in sitting, standing, and walking with the correct positions 


described in this chapter. 
9. What effect does excessive use of alcohol have upon bones 


that are fractured? 
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10. What may be the effect of smoking upon growth in height? 
How does this effect take place? 


QUESTIONS TO THINK ABOUT 


1. Exchange shoes with your neighbor and each criticize the 
other's. What merits and demerits in the shoes do you notice? 

2. Boys and girls in athletics often sprain their ankles. Girls 
sprain their ankles more often than boys do when not playing 
vigorous games. What are the explanations of these facts? . 

3. What is the injury to the foot when the long arch is de- 
pressed? What might be done to correct the deformity ? 

4. Why is it that people who grow up in warm climates are 
more likely to have high arched insteps and elastic feet than those 
who pass their childhood in cold climates? 

5. Why is a chair back that is very slanting often injurious? 
Why is a very deep chair injurious if deep enough for the front 
edge to strike the occupant behind the knee? 

6. Why does a young child crawl before he walks? 

7. Why is the arm so often dislocated at the shoulder? 

8. High pillows may cause what deformity ? 

9. Could the neck be broken and death result without breaking 
a bone? Explain. 

10. What would be the result if the ligaments were composed of 
the elastic fibers of connective tissue instead of inelastic fibers? 

11. Ifa child’s feet be allowed to dangle from a high seat, what 
will be the effect? 

12. Ligaments are of very slow growth. This accounts for the 
tedious nature of the recovery from what kind of accidents? 

13. How many of your classmates “‘slide forward” in the seat? 

14. When the school js marching out, count those who walk 
with the head protruded. Are you one of the group? 

15. A “bone felon” is an inflammation under the nail; it is 


caused by an infection and may extend beneath the periosteum. 
Why should it be lanced? | 


INTERESTING THINGS TO DO 


1. Stand on a floor in your bare feet. 


t Notice that you can shift 
the weight to the inner and Outer sides 


of the feet. Observe that 
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it is easier to keep the weight outside when the feet move in a 
parallel position. What do these observations teach you? 

2. Measure your height in the morning and evening of the same 
day. Is there a difference? What might be the explanation? 

3. Sit erect and then slouch in your chair. What is the effect 
upon your breathing of the two positions? 

4. Experiment — To study the foot in relation to the shoe. 

Material. — White paper, ruler, and pencil. 

Method and observation. — Place the bare foot on the paper and 
draw an outline of the foot. Measure with the ruler the width 
of the foot in the instep region and the length of the foot from 
toe to heel. Measure the width of the shoe in the same region 
as that taken for the foot. Measure the length of the shoe. Com- 
pare the two sets of measurements. 

5. Experiment — To determine the proper height of the school 
seat. 

Material. — Ruler or yardstick. 

Method and observation. — With the foot flat on the floor, measure 
the length of the leg from the floor to the under surface of the knee. 
How many inches is it? Measure the height of the seat from the 
top of the forward edge to the floor. How many inches is it? 
The leg measurement should be one inch more than the seat meas- 
urement. Are your school seats adjustable? Are they properly 
adjusted ? 
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CHAPTER VIII 


THE MUSCLES AS THE MOTOR MACHINERY 
OFSTHE BODS 


What the muscles do 

Muscles and nerves 

Kinds of muscles 
Voluntary muscles (striated) 
Involuntary muscles (non-striated, smooth) 
Cardiac muscular tissue 

The attachment of muscles 

How muscles and bones co-operate 

Names and positions of muscles 


What the muscles do. — We have learned that motion is 
one of the properties of protoplasm. What are the other 
properties? A very interesting fact of physiology is that the 
cells of the body, such as muscle, nerve, skin, bone cells, and 
the cells of the different organs, have become specialized 
through the development of a certain property at the expense 
of other properties. For example, the muscle cell has devel- 
oped to a high point of efficiency the Property of contraction; 
the nerve cell has specialized in conductivity and irritability. 
This specialization of function was referred to in Chapter IT, 
under the heading, Similarity between Living Organisms and 
Social Groups. How does this same principle work in the 
society of men? Movement of the body, 
sible by this specialization of muscle, is 
of life. The individual who cannot move is handicapped 
greatly, and the ability to move easily, gracefully, and with the 
body in control is highly desirable (Fig. 113), 
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which is made pos- 
one of the essentials 
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Fig. 113. The ability to move easily, gracefully, and with the body in con- 
trol gives an attractive as well as a healthy appearance. 





berts 


Muscles and nerves. — Now, the one essential condition 
for contraction of the muscles is stimulation by the nerves. 
If an impulse is not sent to the muscle, the muscle cannot 
contract. It must be remembered, therefore, that the muscle 
and jts nerve are to be thought of as a unit. For this reason, 
the strength of a muscle is not dependent entirely upon its 
size. People who think that large muscles are a sign of health, 
and that large muscles give strength and vigor, are very much 
mistaken, if they judge only by size. The development of 
nerve control is very important. 

If muscle and nerve tissues have good heredity, they will 
be strong and efficient in proportion to the vigor and strength 
of the protoplasm from which they come. All thoughtful 
young persons should wish to live so that they will keep 
strong and healthy. 


Kinds of muscles. — Muscular tissue occurs in nearly 


every organ. It helps to form the walls of the blood vessels, 
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and assists in the 
circulation of the 
blood; the eyeballs 
are moved by six sets 
of muscles; the act 
of swallowing is per- 
formed by muscular 
contraction in the 
esophagus; the con- 
traction of the mus- 
cles in the walls of 
the stomach produces 
the motion by which 
the food is mixed; 
in the intestines, the 
soars Phoe yt Aan od Bin 


partly digested food Fig. 114. A 4-H club chose this boy and girl 
in motion; the mus- as the healthiest in their state. The club holds 


cles in the limbs en- 22 annual contest. 

able us to move and work; the heart is-chiefly muscle; the 
muscles in the chest and trunk enable us to breathe; those in 
the larynx are used in talking. 

Muscles have been divided into three classes, voluntary, in- 
voluntary, and cardiac. The first class is under the control of 
the will, either at all times or part of the time; the second is 
never under the control of the will; the work goes on quite 
independently of the will and even during sleep. Can you 
assign to their proper classes the muscles named in the pre- 
ceding paragraph? The third class is found in the heart alone. 

Voluntary muscles (striated). —It is to be remembered that 
a muscle is made up of cells which are specialized to perform 
the function of contracting. For the carrying out of this pur- 


pose, they have developed fibers within their protoplasm. 
The'contraction of a muscle is caused by 





the contraction of 
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the individual fibers which compose it. Each fiber shortens in 
length and becomes proportionally thicker; the sum total of 
the contractions of these fibers taking place at the same time 
makes up the contraction of the whole muscle. The number 
of fibers lying side by side de- 
termines the thickness of the 
muscle and the amount of 
strength with which it can con- 
tract; while the number of 
fibers lying end to end deter- 
mines the amount of shorten- 
ing or contraction of which 
the muscle is capable. When 
the muscle is habitually used, 
it becomes larger, darker, and 
stronger. 

Voluntary and involuntary 
muscles are not constructed 
exactly alike. Examined under 
the microscope, each fiber of a 
voluntary muscle shows bright 
bands alternating with dark 
Fig. 115. Because of the light bands, running across it (Fig. 


and dark stripes, or striations, that : 
run across them, the voluntary 1150) These bands give the 


muscles are known as striped or hole misclema erated oe 
striated muscles. 






= 


From Bailey, “Textbook of Histology 2 






striped appearance under the 
microscope, and this kind is, therefore, called striated muscle. 
The fibers are bound together by connective tissue into bundles 
called fascicles; and these, again, into larger bundles. They are 
supplied plentifully with blood vessels (Fig. 116). The con- 
nective tissue surrounding the bundles can be plainly seen 


in chipped beef, also in raw of boiled beef. The voluntary 
e involuntary. Lean meat is 


muscles are darker red than th 
y are near the surface, but 


made up of these muscles. The 
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their outlines under the skin are obscured to a greater or less 
degree in different persons, according to the thickness of the 
layer of fat between the muscles and the skin. These muscles 
are usually attached to bones. They contract quickly, while 


involuntary muscles contract slowly. 

Involuntary muscles (non-striated, 
smooth). — Involuntary muscles are 
found in the walls of the alimentary 
canal, the bladder, the esophagus, and 
several other organs. All such mus- 
cles are composed of fibers which are 
not striated, and are, therefore, called 
plain muscle fibers. A striated fiber is 
about one inch in length and =4, of an 
inch in thickness and is shaped some- 
what like a cylinder; it possesses 
several nuclei. A non-striated muscle 
fiber is not more than z+, of an inch 
in length, has the form of a very slen- 
der spindle, and contains one nucleus 
(Fig. 117). The fibers interlace and 
are held together by fine connective 
tissue. 

Cardiac muscular tissue. — Cardiac 
muscular tissue, of which the heart con- 
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Fig. 116. This portion 
of three striated muscle 
fibers, moderately magni- 
fied, shows the capillary 
vessels (dark). 


sists, differs from both striated and plain muscular tissue Fig. 
118). Its fibers possess one nucleus, like plain fibers; they are 
not spindle-shaped and narrow, however, but broader and cy- 
lindrical. They are, moreover, faintly cross-striated by light and 
dark bands. We may say, therefore, that althou gh the heart is in 
every respect an involuntary muscle, it has more resemblance 


to striated than to plain muscles. 
breathing are at times voluntary, 


The many muscles used in 
and at other times involun- 


tary; but they are all striated muscles with the usual structure. 
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At this point it would be 
advisable for you to compare 
the voluntary and involuntary 
muscles in regard to their 
control, structure, color, posi- 


Fig. 117. Fibers of non-striated, ftign in body, attachment, rate 


or involuntary, muscles are shaped 


somewhat like spindles. 


of contraction, number of nuclei, 


length of fibers, breadth of fibers, 


shape of fibers. In what ways do cardiac muscles resemble 
voluntary muscles? involuntary muscles? Examine carefully 


Figures 115-118. 


The attachment of muscles. — The involuntary muscles 
are usually found in the walls of organs that have cavities. 
They are sometimes called the visceral muscles because 


the internal organs are 
called the viscera. The 
quicker, stronger-act- 
ing voluntary muscles 
are called the skeletal 
muscles because nearly 
all of them are attached 
to bones. There are 
about five hundred vol- 
untary muscles. By 
studying the figures 
you will notice that the 
middle portion of these 
muscles is usually large 
and full, and that the 
muscles taper to small 
cords at the ends (Fig. 
119). The muscles of 
the calf move the foot, 
and the muscles of the 





ty: 


From Bailey, “Textbook of Histology” 


Fig. 118. Cardiac muscle, highly magni- 
fied, shows nuclei and striations. 
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forearm move the hand. If the full round muscles extended 
down over the wrists and ankles, it would make these as large 
around as the forearm or calf, and the wrists and ankles would 
be very clumsy and awkward. It is found that the connective 
tissue which binds the fibers of a muscle into bundles and 
forms sheaths for the bundles extends 
beyond the muscular tissue and unites p 
to form a dense, inelastic, glistening 
white cord called a tendon. The fibers | ° 
are very Closely packed together and 
make a very strong cord. One no 
thicker than a lead pencil is strong 
enough to support twice the weight 

of the body. A tendon contains no 
nerves and very few blood vessels. 
Some muscles have a tendon at only 
one end; some have no tendon but are 
attached directly to bones. Find mus- 
cles without tendons by studying the 
figures, pages 148-150. The cordlike 
nature of tendons can be ascertained 

by feeling the tendons under the knees, 
called hamstrings, or the tendons in the Le 

angle of the elbow. 

How muscles and bones co- coat Gee acer eae 
operate. — When you grasp a heavy don. A tendon isa dense, 
weight in the hand and lift it by bend- i ehh eee 
ing the elbow, where is the muscle that does the work? You 
will easily find it in the upper arm. This muscle is called the 
biceps because it is attached to the shoulder blade above by two 
tendons. The lower arm acts asa lever with the fulcrum, or fixed 
point of the lever, at the elbow (Fig. 120). It is easy to see 
that a slight contraction of the biceps muscle will move the 
weight a greater distance than is accounted for by the shortening 
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caused by the actual contraction of the muscle. This is what 
the bones usually accomplish through the muscles; they 
change a slow, short, inadequate movement into a long, swift 
movement. While the muscle contracts an inch, the bone may 
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Fig. 120. Examine this illustration indicating the action of the biceps 
muscle of the arm. The two tendons by which the muscle is attached to the 
scapula are seen at s; r, the point of attachment of the muscle to the radius; 
e, the elbow joint; h, the weight of the hand. 


move a foot. The bones thus add greatly to the range and 
rate of motion. 

Figure 121 shows how the muscles may act upon the bones 
as levers to cause movement. 

Names and positions of muscles. — A few of the impor- 
cant muscles are here mentioned: The scalp muscle (Fig. 122) 
passes over the top of the head; it raises the skin over the 
eyes, and Gir some persons) moves the scalp. The two pairs 
of chewing muscles are the temporal and masseter (Fig. 122). 
You can feel the temporal muscle swell and harden if you 
place your finger on the temple and close your mouth forcibly. 
In the same manner, you may feel the contraction of the 
masseter by placing the fingers just below the cheek bone. 
The muscle used in bowing the head passes obliquely down 
on the side of the neck to the collar bone (Fig. 122). It can 
be felt as a thick band; when the head is turned to one side, 
it stands out as a ridge. When one of the two acts alone, it 
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turns the face so as to look to the other side. When both act, 
they bow the head. The deltoid (Fig. 123), or shoulder cap 
muscle, raises the whole arm outward and upward from the 
side. Can you locate it by the feeling of fatigue after raising 
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Fig. 121. Muscle groups in the arms, thighs, and legs control the joints. 


the arm twenty times? The biceps can be seen and felt con- 
tracting on the front of the arm when bent at the elbow. The 
triceps is on the opposite side of the arm and straightens the 
elbow (Fig. 126). Which is used in striking a blow, the 
biceps or the triceps? 

The sartorious (tailor) muscle (Fig. 124) is nearly two feet 
long and is the longest muscle in the body; it passes from the 
outer side of the hip bone to the inner side of the leg below 
the knee, and is used in crossing the leg. Because of the 
position assumed by a tailor at work, it is named the tailor’s 
muscle. The gastrocnemius is a thick muscle in the calf of the 
leg which raises the heel (Fig. 125). When is it used? It is 
attached to the heel by the largest tendon in the body, called 
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the “tendon of Achilles.” Ask the instructor why it is so 
called, or read the story of Achilles. 

The trapezius (four-sided) (Fig. 125) is a large muscle cov- 
ering the back between the shoulders. It draws the shoulders 
back and holds up the head. Can you find the climbing 
muscle (Fig. 123), or the muscle that draws the arm back- 
ward and downward (/atissimus or broadest)? When a person 
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Fig. 122. Find the following muscles of the head and neck: Chewing 
muscles; scalp muscles; bowing muscles of one side; muscle that holds head 
erect (upper part of trapezius at back of neck); muscle that squints the eye; 
muscle that pouts the lips; muscle that broadens the mouth in smiling; 
muscle that raises the corner of the mouth; muscle that draws down the 


corner of the mouth. 

hangs by the hands, it helps to raise the body. It is a large 
spread-out muscle extending from the humerus to the verte- 
bral column. 

There is a great fan-shaped muscle, called the pectoralis (Fig. 
126), which attaches the arm to the front wall of the thorax. 
The pectoralis helps to raise and draw the arm towards the 
chest. It also is used to rotate the arm around. 

The extensors of the hand are attached to the lower end of 
the humerus, the bone of the upper arm. They serve to ex- 
tend the arm, to move the wrist and to extend the fingers. 
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The extensors of the toes attach the toes to the fibula and 
tibia, the bones of the leg. The extensor muscles extend the 
small bones, the phalanges, of the toes and flex the foot 
towards the leg. See Figures 124 and 125. 

Muscles are arranged in opposing sets. Flexors SPR ose 
extensors, abductors act against adductors. Two muscles with 
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Fig. 123. The principal muscles of the back are shown above. Trapezius 
draws shoulder and head back; deltoid raises whole arm; latissimus, climb- 
ing muscle; obliquus internus and obliquus externus draw abdominal wall 


in and force abdominal contents against the diaphragm, thus expelling air 
from lungs. 


Opposite action or function are said to be antagonists. When 
antagonistic muscles work together in harmony, then the 
movement is graceful. Awkwardness results from simultane- 
Ous contraction of antagonistic groups. Thus, for graceful 


movements, the extensors should be relaxed when the flexors 


contract, and vice versa. In learning a new movement, more 


muscles than are necessary are used at first. The beginner in 
skating, for example, should not try too hard, should not be 
too tense, and the co-ordination will come quicker. 
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Fig. 124. The principal muscles of the front part of the body. 
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Fig. 125. The principal muscles of the back part of the body. 
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Fig. 126. This is a superficial view of the muscles of the upper part of the 
trunk from the front. (Allen Thomson. ) 


Muscles are named from their shape, as deltoid like the 
Greek letter delta, A); their location, as tibialis (near the 
tibia); their action, as flexors; their manner of attachment, as 
triceps (three-headed ). 


FACTS TO REVIEW 


1. The cells of the different organs have become specialized 
through the development of certain properties at the expense of 
other properties. What specialization has occurred in muscle? 

2. What causes muscles to contract? Why are muscle and 
nerve regarded as a unit? 

3. Describe the three kinds of muscles and give examples of each. 

4. In what respects is cardiac muscle similar to and different 
from the other two classes of muscl¢? 

5. Compare voluntary and involuntary muscles. See page 140. 

6. Explain the two kinds of attachment of muscles. What are 
other names for visceral and skeletal muscles? What is a tendon? 
How does the function of a tendon differ from that of a ligament? 


QUESTIONS TO THINK ABOUT 
persons tire more readily than others in doing 


i. Why do some 
the same amount of physical work? 
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2. Why do some persons injure themselves more easily than 
? 
aie muscles of the body require oxygen for activity. Does 
this requirement result in deeper and faster breathing ? Should 
increased breathing follow or precede activity? What practices 
indicate that this physiological fact is ignored? 

4, What is awkwardness in a person? How can one learn to be 
graceful? Are there differences in the powers of individuals to be 
graceful? Can awkwardness be lessened or overcome? 

5. Can you control your muscles best when you are tired or when 
you are rested? Explain. 

6. What is the quality of your handwriting when you have come 
in from playing a game that requires vigorous exercise? 

7. Due to the influence of machinery there is less need for 
muscular strength in doing the various manufacturing processes 
today. Does this mean that as time goes on man will have less 
and less need for muscular strength? What are the reasons that 
lead you to believe that man will always require strong muscles? 

8. If one rides to school in an automobile or street car and sits 
quietly many hours of a day, what happens to the muscular develop- 
ment? 

9. Should one develop muscles larger than the needs of the body 
for sitting and standing? What are the standards that appeal to you? 


INTERESTING THINGS TO DO 


1. Locate the following muscles: biceps, triceps, pectoralis, 
gastrocnemius, and rectus abdominis. Identify their location by 
contracting each one. 

2. Try to move your scalp by means of the scalp muscle. 

3. Locate the tendons of the hamstring muscles. 

4. Locate the tendon of Achilles. Identify the attachment to 
the calf muscles by contracting them and then ascertaining the 
pull they make on the tendon. 

5. Drink a glass of water and observe in a mirror how the in- 
voluntary muscles of the throat contract in this act of swallowing. 

6. Arrange a class debate on one of the following topics: 

a. Eugenics is a fad without practical value to man. 


b. Muscles will become less important as man becomes more 
civilized. 
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CHAPTER IX 


THE MUSCLES IN ACTION AND THE HYGIENE 
OF EXERCISE 


Are you physically fit? 
The neuro-muscular mechanism 
Response of the muscle to the nerve stimulus 
Co-ordination of muscles 
Muscular energy 
Transformation of energy 
Use of energy 
Muscular tone 
Muscular activity and fatigue 
The effects of stimulants and narcotics on muscular action 
The effect of exercise on growth 
The relation of exercise to health 
Forms of exercise 
How boys and girls differ in structure 
Training rules for boys and girls 
Over-development of muscles 


Are you physically fit? — It has been known for a long 
time that exercise is indispensable in the development of 
physique, strength, fitness, and other highly desirable qualities 
ina person. When World War II began, it was quickly appre- 
ciated that victory would require the best possible condition 
of those who were to defend the liberties of the nation. It 
was known that American youth would be severely tested in 
many kinds of rigorous combat and that only the fittest could 
win and have a chance of survival. Accordingly programs of 
physical education in high schools and colleges were improved, 


and all branches of the military forces engaged in vigorous 
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conditioning programs. Many boys and girls who had not 
only neglected their own development but had also formed 
unwholesome habits found themselves called to a stricter 
training and discipline than they had ever known. Most of 
them were not only surprised but also delighted by the changes 
that took place in themselves. As they became fit, they found 
themselves stronger, they felt better, they slept more soundly, 
they looked better, and they were happier persons. Fitness is 
a wonderful condition to experience. This chapter explains 
muscular action and gives suggestions for the development 
of fitness. 

The neuro-muscular mechanism. — In the development 
of fitness, the whole person is improved, but this is accom- 
plished through the activity of the neuro-muscular mechanism. 
If the nerve to the muscle is severed, the muscle cannot be 
contracted no matter how hard we try. A muscle and its nerve 
are a unit. This unity is sometimes called the neuro-muscular 
mechanism. If this mechanism is called psycho-motor, to what 
does it refer? Does neuro-muscular refer to structure? 

Response of the muscle to the nerve stimulus. — When a muscle 
cell receives a stimulus from its nerve, it changes its shape by 
growing shorter; it does not increase in size. When a boy 
shows his muscle by flexing his elbow, the biceps muscle 
shortens and becomes thicker in one part; but the entire 
muscle does not take up more room than it did when in a re- 
laxed condition. 

Co-ordination of muscles. — Would you like to see two per- 
sons trying to thread a needle, one holding the thread and the 
other the needle? Would they succeed well? Or in so simple 
a matter as the use of the knife and fork in eating, could it 
be easily done if one holds the piece of meat with the fork 
while the other tries to cut it? Why is it that the right hands 
of two persons cannot work as well together as the right and 
left hands of one person? It is because of the nervous con- 
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nection between the hands of the same person, so that one 
hand knows just what the other is doing. 

Let us think of what takes place in our bodies when we 
throw a stone at a mark. At the same time we see the mark, 
hold the stone in the hand, and throw it. In throwing a stone, 
at least a dozen muscles are used. Each one of these must 
contract at the right time and in the right way, or the stone 
will miss the mark. Each muscle shortens under the influence 
of a nerve impulse brought from the brain by a motor nerve. 
If one muscle shortens an instant too soon, or a little too 
much, the stone goes to‘one side. This working together of 
the muscles by the aid of the nerves is called co-ordination. 
Co-ordination is necessary even in standing erect. 

Muscular energy. — It is well known that the activities 
upon which life depends involve a continuous expenditure of 
energy. The beating of the heart, the secretion by glands, the 
contraction of muscles, the discharge of nerve impulses — all 
expend energy. It is also well known that such activities 
involve a constant breaking down of chemical compounds. 
These compounds come from the food eaten and they may be 
used at once or after being stored in the body. These two 
facts, then, are closely associated: 

1. The constant breaking down of chemical compounds. 

2. The continuous expenditure of energy. 

Transformation of energy. — But just how is energy trans- 
formed in the body? Chemical action in food materials yields 
energy. Therefore, energy comes from the food we eat. All 
the energy that is available in the muscle for contraction has 
its origin in the chemical changes which occur after the nerve 
impulse has come to the muscle. We shall understand better 
what energy is when we remember that heat and energy are 
the same. The physicist Says that heat is the lowest form of 
energy. The chemist can show that chemical combinatio 


: : ns 
liberate heat, which tends to express itself as energy. C 


On- 
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sider again the experiment on page 90. In the body, the 
chemical union of food elements produces energy which ap- 
pears in the different cells in the form which is of use to that 
cell. The voltaic cell is similar to the nerve cell and the electric 
current produced is similar to the nerve impulse of the nerve 
cell. The heat produced in the test tube by the action of the 
zinc and sulphuric acid represents the heat produced in the 
muscle after the chemical action of the food compounds. 
What starts the chemical action of the food elements in the 
muscle? | 

The conversion of food into heat and energy is going on 
in the body all the time as long as life exists. The process 
slows down during sleep and speeds up during activity. Ic 
is maintained by the food eaten daily. Is this an argument 
for nutritious foods, properly cooked and carefully eaten? Do 
you practice what you know about this? If no food is eaten, 
conversion of food compounds goes on just the same. In 
such instances, however, the cells of the body must furnish 
the material (Fig. 127). How can weight be reduced? More 
energy is required for stout than for thin persons; more in 
cold weather than in hot; more in fever than in health. A 
growing child requires more energy in relation to his weight 
than an adult. A child weighs 60 pounds and a man weighs 
150 pounds. If the child needs 1920 units of heat and if the 
man needs 2850 units of heat, which requires more in relation 
to his weight? The heat energy necessary for muscular con- 
traction may be obtained from any of the three foodstuffs — 
carbohydrates, fats, or proteins. It is believed that the car- 
bohydrates afford the most favorable source of supply and 
they will be used first, if present in sufficient amount. The 
blood in the arteries going to the muscles contains more 
sugar than the blood in the veins coming from the muscles. 
Would sweet chocolate be a good food to carry on a long 
hike? 
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Use of energy. —It is found that the use of many small 
muscles is much more exhausting than the use of a few larger 
ones. This is on account of the nerve energy consumed. A 
drummer beating a big bass drum may do more muscular 
work than one who plays a tune softly on the piano, but the 
piano playing exhausts the performer much sooner. This is 
because the movements of the wrist and fingers employ thirty 
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Fig. 127. Compare the loss of fat with the loss of brain and heart weight. 
(After Parsons.) 

muscles and a great number of nerves. The striking of the 
keys with the ends of the fingers, where some of the most 
sensitive nerves of the body terminate, may have some effect 
also, and may help to explain why so many persons, especially 
gitls, who take little other exercise, have become nervous 
from playing the piano. Continued typewriting and penman- 
ship are exhausting; but typewriting gives variety of motion, 
while handwriting calls for a monotonous use of the same 
muscles. 

The fact that the muscles are arranged in pairs as antago- 
nists of each other may have a calamitous effect in the case 


of persons with ill-regulated nervous system. Such persons, 
on account of anxiety or worry, 


doubt, or over-active desire. 
keep their muscles drawn tense, t 


he antagonists pulling agains: 
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each other, and after a while they lose the power of relaxing 
their muscles. They wear anxious expressions, because the 
muscles of the face are never relaxed or in repose. Their 
movements are nervous and jerky instead of graceful and 
easy. Their breathing is not deep 
and natural, and their voices, there: 
fore, are not even and steady. They 
cannot be perfectly still, but chew 
gum or a pencil, rock the chair, 
bite their finger nails, or claw their 
knuckles. Have you any friends 
who are handicapped by this con- 
dition of over-tension? When such 
people drive an automobile, their 
backs get tired because they cannot 
relax comfortably in the seat. When 
they lie down, they try to hold the 
body on the bed, and instead of 
relaxing the mucles of the neck, try 
to hold the head on the shoulders. 


Sternum 





Rectus 
Abdominis 
Muscle 










Os Pubis 


Fig. 128. In good posture 


the rectus abdominis muscle 
is tonic in contraction; dotted 
line shows poor posture with 
relaxed and flabby abdominal 
wall. Notice how the pelvis 
swings up with a good posi- 


Over-tension is common among 
both sexes but it appears more fre- 
quently among women. A graceful 
person, like a child, uses just the 


pon.cr ne tae. muscles necessary for any act, and 


no more. The value of ease of manner, as well as health, makes 
important the correction of conditions to which all hurrying, 
ambitious persons are subject in an age of keen competition 
and of ambition for learning and distinction. 

Muscular tone. — That the muscles may be always ready 
for use, they must not be entirely soft and flabby, but should 
be under a condition of very slight contraction, called tone 


(Fig. 128). We find that the muscular walls of the blood 


vessels possess tone. Tone causes a wound in the flesh to 
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gape open. Ifa tendon is cut, the muscle shortens on ne 
of its tone. If the nerve going to the muscle is cut, the muscle 
lengthens a little, that 1s, it relaxes, showing that there must 
be faint but constant impulses coming through the nerve to 
keep the muscle in tone. When one is asleep, the body does 
not lie perfectly straight, but the joints are slightly bent to 
allow relaxation. | 
One of the outcomes of a good physical-fitness program is 


—— 
——— 








an increase in the tone of the muscles. This is shown by the 
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Fig. 129. Rest affects muscular contraction. A shows the contractions of 
a fresh muscle. B shows the contractions of the same muscle with a rest of 
five minutes after doing the work shown in A. 


increased firmness of the muscles and improved ability to 
react quickly. 

Muscular activity and fatigue. — If we suspend a frog’s 
muscle from a muscle clamp and attach the tendon to a writing 
lever, on stimulation of the muscle by an electric current, we 
can record the contraction that results. In a series of con- 
tractions (Fig. 129) of a fresh muscle, there will be seen a 
gradual increase in height of the contractions (called the stair- 
case) until the maximum is reached; and presently the height 
will decrease. The height will gradually fall until no contrac- 
tion at all occurs, no matter how strong the stimulus. The 
increase in power at first is due to the increased irritability of 
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the muscle cells brought on by the presence of chemical sub- 
stances formed in the muscle during the production of energy. 
These are known as 
fatigue substances. 
They are forms of 
chemical compounds 
which represent the 
waste material lefc 
after the combustion 

0 10 20 30 40 50 60 70 80 90 100 in the muscle, and in 

From Burton-Opitz, ‘‘An Elementary Manual of Physiology” = 

Fig. 130. Muscular contraction is influenced this nS PEEL resemble 
by the load. This muscle has been successively the ashes left in the 
loaded with 10-gram weights. Pirnaves NA fer these 
fatigue substances increase in amount, the irritability of the 
muscle is lessened and there is a decrease in the height of the 
contractions. What purpose do warming-up exercises have in 
relation to performing an athletic feat? 

When fat or carbohydrate is used as the source of energy 
for muscular contractions, the waste products are carbon diox- 
ide, mono-potassium phosphate, and lactic acid. When pro- 
teins are used as energy, the waste products from these are in 
the forms of urea, uric acid, creatin, and others. Now all 
these substances interfere with the working of the muscle. 
By getting into the blood stream and by being carried to 
other parts of the body, the effects from a local activity may 
be felt all over the body. Fatigue of one part lowers the efh- 
ciency of the rest of the body. These fatigue products are 
removed chiefly by the kidneys and lungs. Rest, sleep, and 
food to restore the chemical forces used are necessary for 
complete recuperation of the body after a fatiguing task. 
Sleeping is the best way of resting — the greater the fatigue 


the more sleep required. 
In Figure 129 two graphic representations of muscular con- 


tractions are shown. In A the contractions at the beginning 
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are higher than those in B. Between A and B there was a 
rest of five minutes. It is to be noticed that the contractions 
in B at the beginning are higher than those at the ending of 
A, but not as high as those at the beginning of A; in addi- 
tion that fatigue comes quicker in B than in A. These con- 
tractions are of the muscle that abducts the index finger. 





From Burton-Opitz, “An Elementary Manual of Physiology” 


Fig. 131. Changes in temperature affect muscular contraction. The 
temperature was raised 5 degrees centigrade each time. 


ae aN ie mae 


‘ho sec. From Burton-Opitz, “An Elementary Manual of Physiology” 


Fig. 132. Fatigue affects muscle contraction. Here a muscle of the frog 


was stimulated successively 150 times. The Ist, 50th, 100th, and 150th 
contractions were recorded. 


Study the graphs in Figures 130, 131, and 132. Does it 
appear that decreased efficiency of the muscle is shown by 
increasing the load, by temperature changes, and by con- 
tinued activity? Is some load better than none? 


The effects of stimulants and na 


rcotics on muscular 
actio 


n. — The weaker forms of alcohol, such as ale and beer, 
cause a change into fat of much of the albumin in muscle 
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cells, thus bringing about a weak and flabby condition, called 
fatty degeneration. It may even reach the heart, causing a 
dangerous condition known as fatty degeneration of the heart. 
There are other causes of this state. If an athlete who has 
developed large muscles suddenly ceases to train, his muscles 
may undergo fatty degeneration. Through the narcotic or 
deadening effect of alcohol, the nerves become less sensitive, 
and fatigue is not so readily perceived. This unawareness of 
the real bodily condition gives the drinker a deceptive feeling 
of strength and power. 

It has been found that two hours after taking two ounces 
of whisky mixed with eight ounces of water, the muscular 
strength of the man experimented on was reduced one third. 
This means that a lifting power of three hundred pounds was 
reduced to two hundred pounds. An old drunkard usually 
has a dragging gait and trembling hands. Coffee, which is a 
stimulant, sometimes causes a twitching of the eyelids; this 
is a sign that the body is being irritated. 

The effect of exercise on growth. — Exercise has a stimu- 
lating effect upon growth. This effect has been recorded many 
times by scientific observers. Henry G. Beyer, M.D., reported 
observations on the growth of 188 naval cadets who took 
special systematic exercise, and compared it with the usual 
growth of cadets of the same age. 

There was an increase in height of more than one inch 
above that which took place without the special exercise. 

The increase in strength was five times as much as the 
normal increase. 

There was an increase in weight of seventy-seven pounds in 
the four years during which the observations were made. 

There was an increase in lung capacity of 1.72 liters. 

The growth of the body in height and weight is determined 
partly by the influence of heredity and partly by the kind 
of care the body receives. Height is determined largely by 
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heredity, but weight, though tendencies to thinness and fat- 
ness are inherited, can be controlled to a certain extent by 
environment. 

The relation of exercise to health. — It was learned on 
page 137 that the muscular system developed to make loco- 
motion possible. Animals of every species are dependent 
upon movement for obtaining the necessities of life. The 
important thing for us to remember is that for innumerable 
years muscles have been a part of the human body as con- 
structed today. We have inherited, therefore, a muscular sys- 
tem, and with that system we have inherited the need for 
activity. Young people are usually very active, but too often, 
after school days, they lead physically inactive lives in office, 
store, or home. Some people think they can maintain health 
and strength by a two-minute drill in their room before retir- 
ing. Health cannot be obtained or maintained by such con- 
densed pill-like measures. There must be outdoor life and 
outdoor exercise if the human body is to keep its inheritance. 
The boy ana girl in school and college should learn to enjoy 
and to become proficient in some game or sport, so that in 
adult life this activity may be followed (Fig. 133). Too often 
in adult life men and women are so weak physically that they do 
not enjoy exercise. Such condition of the body is unfavorable 
to the maintenance of health, to say nothing of the resulting 
effect of bad disposition, ill temper, and nervousness. Walk- 
ing for some people is a serious task. If there is proper train- 
ing throughout life, walking may be more than a means of 
progression — it may be a real joy. 

There are those who go to the other extreme regarding 
exercise. They strive constantly for records in athletic events. 
They over-develop their hearts, and serious harm often results. 
The danger for the nation, however, is not from athletics, but 
rather from a lack of all forms of physical education. Athletics 
has been very effective in the education of the Filipino people. 
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It is to be remembered, therefore, that exercise is impor- 
tant, not only for the health of the individual, but also for the 
strength and vigor of the race. We have received our bodies 
as an inheritance from an ancestry that lived largely an out- 


door life. Today there is a 
great concentration of popu- 
lation in cities, and it is nec- 
essary that city folk exercise 
out of doors to preserve the 
inheritance that has been re- 
ceived. 

Forms of exercise. — It 
is best to choose a form of 
exercise that you enjoy, for 
exercise that is performed as 
a task is a drain on the ner- 
vous system (Fig. 134), and 
sooner or later will be given 
up in disgust. Too often the 
expression is heard, ‘‘I hate 
gymnasium work.” This 
comes because it is not in- tenet 


teresting and in no Way ap- Fig. 134. Exercise performed as a 
peals to the instincts of the task is a drain on the nervous system. 


a es at Most Benes ak Compare this picture with Figure 135. 
Sports are interesting to young people and also are excellent 
forms of exercise (Fig. 135), 

The games that are most interesting are those that have the 
“give-and-take” principle Present. Such games give to the 
player an opportunity to take a chance, as illustrated in such 
a game as baseball. The pitcher gives the batter a chance at 
the ball and the batter takes the Opportunity offered (Fig. 136), 
or refuses it. Such activities as swinging are less interesting, 
because they have not this principle present. In which of the 
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Fig. 135. Because these boys are interested in their game, the exercise is 
doing them good. 


Photo from Brown Brothers 


the principle of “give-and 


i .e of baseball illustrates 
ey eek ree er ane bi nity which the pitcher has 


take.’ Here the batter has missed the opportu 
given him. 
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following games is this ‘‘give-and-take’’ element present and 
in which is it most prominent? | 

Tennis is a splendid game. It may be played in youth and 
in adult life by both sexes (Fig. 137). It has a fine play ele- 
ment and gives good = 
physiological results 3 2 
on the body. 

Swimming is a very 
desirable form of ex- 
ercise. Every city 
should have swim- 
ming pools, so that 
the sport may be 
practiced in winter as 
well as in summer. 
Sea bathing is very 
beneficial (Fig. 138). 
To what is the ben- 
eficial effect chiefly 
due? Is it due to 
the salt? 

Diving is an excel- 
lent exercise. Con- 





: Photo from Acme 
trol of the body In Fig. 137. Tennis is a game that requires both 


the air is one of the skill and stamina. 


skills obtained by diving. Diving requires courage and prac- 
tice to gain this control (Fig. 139), 

Camping is increasingly popular among the youth of the 
Present day. The outdoor activities of the Boy Scouts, Girl 
Scouts, Camp Fire Girls, and other camping o 
afford Opportunity for outdoor exercise. School b 
America have Scout troops (Fig. 140), and simi 
tions exist all over the world. The activities out 
especially beneficial upon the blood. For seve 
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Fig. 138. Bathing in the sea is beneficial outdoor exercise. 


author kept a record of the increase in the iron content of the 
blood in girls in a summer camp. After six weeks of camping 
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Fig. 139. In diving, the body must be con- 
trolled in the air. This sport requires courage 
as well as practice. 





the average increase 
in hemoglobin (col- 
oring matter of red 
cells in the blood) 
was 16 per cent. 
Some girls gained as 
much as 22 per cent. 
Good food, exercise, 
sleep, and the sun's 
rays are the important 
factors in promoting 
this improved blood 
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Fig. 140. Boy Scouts from South America arrive in New York for a visit to 
the United States. 


condition. The action of the sun’s rays increases the calcium 
and phosphorus in the blood. 

Walking and running, if not done too leisurely, are good 
exercises. Americans make too great a use of street cars, 
buses, and automobiles for transportation. English women 
are noted as walkers, and in the United States this custom 
would be helpful in Preventing nervousness and physical 
weakness among women. Walking requires proper shoes. 
Running is a still better exercise, but it should be begun 
gradually and with caution, so as to Sive heart and lungs Oppor- 
tunity to become strong enough to sustain the increased effort 
required of them. One should breathe through the nose while 
running, although in short dashes the mouth may be used 
also. One should keep in such Physical condition as at all 
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times to be able to run swiftly and efficiently. Too frequently 
persons allow themselves to become so unfit that a run for 
100 yards is impossible. To keep.‘‘fit’’ is at times difficult; 
it is always worth the effort. 

Boxing, wrestling, and fencing are good sports, but they are 
not common because of the skill necessary for their perform- 
ance. They are liable to produce injury of the participants 
and so should be well supervised. Boxing became very popu- 
lar in the training of the American army during World War I. 
It provides not only the general beneficial effects of exercise, 
but the movements are similar in type and quality to the 
movements used in fighting with the bayonet. Every boy 
should develop skill in at least one of these three sports. 

The group games, such as volley ball, dodge ball, captain 
ball, and the group relays, such as all-up relay, overhead-pass 
relay, and others, are splendid games for the school ground 
and gymnasium. The tug-of-war is excellent exercise. 

The specialized games, such as baseball, basketball, and foot- 
ball, are admirable during school days, but they are of little 
use after school days are over. Such games not only strengthen 
muscle and nerve but also help to develop presence of mind, 
coolness, fearlessness, self-control, and other desirable qual- 
ties. Basketball with girls’ rules and soft ball are fine games 
for girls in high school and college. 

Hockey is a splendid game for girls (Fig. 141). The vigor- 
ous running develops not only strength of the muscles but 
also that of the vital organs. It isa far better game for girls 
than basketball because it is played outdoors. The skills are 
difficult to learn but, with faithful practice, can be acquired. 

Soccer is becoming very popular as a game for both boys 
and girls. Of course they should not compete against each 
other. 

Dancing gives pleasure to 
dance at one time was 4 ritua 


young people and adults. The 
| used in religious ceremonies. 


MUSCLES IN ACTION AND HYGIENE OF EXERCISE 171 





Courtesy of George School, George School, Pa. 


Fig. 141. Hockey is a splendid game for girls. The vigorous running 
develops healthy, strong muscles. 


Dancing, therefore, really began as a religious cult. Today 
there are different forms of dancing. Folk dances are the dances 
of folk people giving expression to their feelings. These are 
dances, therefore, that are characteristic of the nations, and in 
this way we must think of the Tarantella of Spain, the Irish 
Lilt of Ireland, and the English Country Dances. Aesthetic 
dancing is an attempt to produce certain graceful forms of 
movement in dance, but too frequently it is taught as a series 
of steps or poses in which there is no thought or emotion. 
It thus becomes a mere exercise. Social dancing is exhilarating 


and restful on account of the music and the rhythm. If it is 
done in a beautiful way, it is very beneficial. 


Dancing should be taught as an art in whi 


ch all the technique 
serves as the medium for expression by 


the dancer. Today 
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dancing is undergoing a great change. It is increasingly an 
expression of the age in which we live. Its truest form appears 
in what is known as Modern Dance. 

Suitability of sports for boys and girls. — Athletic sports 
are suitable for girls as well as boys. Because of the differ- 


ences in the two 
sexes, some sports 
engaged in by boys 
are not suitable for 
girls. Thus, it is un- 
wise for girls to play 
“QP | football, to box, to 
“ Pe | wrestle, and toengage 
in certain activities 
of track and field. 
Girls should not try 
to emulate boys in 
their athletic perform- 
ances; they should 
follow standards of 
their own. Standards 
for girls’ athletics 
have been established 
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Fig. 142. In pitching horseshoes the right 
arm and the left leg swing forward. Excellence and most women 


in any athletic activity requires good form. teachers of physical 
education are able to guide girls properly in these matters. 
Men are not usually familiar with these standards and there- 
fore are not suitable leaders of girls’ athletic activities. 


Both boys and girls need training in correct form; girls 


especially need training in all throwing and striking move- 


ments. 
In such movements, the opposite arm and leg swing for- 


ward (Fig. 142). This opposite position of the arm and leg 


is very important in all throwing movements. For example, 
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in throwing a baseball with the right arm, the left foot should 
be forward. Girls are familiar with this law in dancing, but 
because of their lack of training in sports they rarely show the 
excellence in sports that they have achieved in dancing. Girls 
are increasingly participating in sports today, but it should 
not be forgotten that because of physical differences in struc- 
ture after adolescence, the girl can never equal the boy in the 
performance of many sports. 

How boys and girls differ in structure. — In addition to 
sex differences there are other differences of structure which 
require that girls engage in less vigorous sports than boys. 
The pelvis of the boy is not as broad as that of the girl after 
adolescence. This width of the pelvis determines the angle at 
which the leg bones join to the pelvis. In the boy the leg 
bones are nearly vertical; in the girl they are set at an oblique 
angle. Hence in all running and jumping the girl works at a 
mechanical disadvantage and she must make a greater effort 
to equal the performance of the boy. The center of gravity in 
the boy is higher and hence he can control the weight more 
easily in hanging and swinging movements. Add to this fact 
the additional one that the arms of the boy are stronger than 
the arms of the girl, and it is apparent at once that gitls should 


not attempt to do the same stunts on apparatus intended for 
boys. 


Training rules for girls and boys. — For high-school girls and 
boys who are interested in sports and desire to improve their 
efficiency, the following training rules will be suggestive. 


They can be supplemented in more detail as regards food 
after we have studied that chapter. 


1. Plenty of sleep, at least ten hours in bed every night. 

2. A nutritious diet. Always eat breakfast. 
milk, green vegetables, cereals, whole wheat bre 
a day. Do not eat between meals. 


Rely upon fruits, 
ad, and meat once 
This is inclusive and meang 
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candy, soda water, fruit, and other foods that are so easily obtained 
between meals. Avoid greasy foods and overeating. 

3. Bathe the body daily. A cool sponge, shower, or plunge in 
the tub before breakfast is desirable. 

4. Sleep with the windows open at night. 

5. Avoid worry, hurry, and over-excitement. Do your best and 
forget your mistakes by correcting them as far as possible at the 
next trial. 

6. Spend at least one hour out of doors each day while it is day- 
light. The effect of the sun’s rays is very beneficial. 

7. Under no circumstances use any tobacco or alcohol. 

8. Do not spend too much time in practice. This must be 
determined in relation to the activity, but some high-school athletes 
are worthless when they enter college because they have over- 
exerted themselves in high school. If you are actively engaged in 
sport for the fall season, skip sports for the winter or spring season. 
Do not participate the year through. 


These rules will be found useful not only to athletes but 
also to those of studious habits. They are good for every 
day. Do not get the notion that it is essential to “break 
training.” A famous trainer pointed out some years ago that 
what was good for sports was also good for everyday living. 
How do these training rules compare with “The Rules of the 
Game’’ given in Chapter I? 

Over-development of muscles. — Important as muscular 
exercise is for sending the blood bounding through the 
vessels and renewing the health of every part, exercise can 
be overdone. Some athletes develop great heavy muscles 
which are a burden to the vital organs to support. They do 
not take care to develop their lungs and breathing powers 
in proportion. Breathing exercises are used at times to over- 
come this deficiency. This method of developing the vital 
organs is wrong. Exercise (such as running games) vigorous 
enough to increase the respiration should be used, and the 
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breathing will care for itself. Those who aim only to develop 
certain muscles, who do nothing but apparatus work or some 
such specialty, get large muscles but not health and strength 
of body. Such athletes die young. Complete living with con- 
ditions of health and activity for all the organs, without 
extreme use of any of them, is most conducive to a long and 
healthful life. 


FACTS TO REVIEW 


1. What is the precise meaning of the terms neuro-muscular and 
psycho-motor? 

2. Explain why it is easier for you to thread a needle using 
your two hands than for two people to thread one each using 
one hand. 

3. Discuss the transformation and use of energy. What are 
antagonistic muscles ? 

4. In your own words tell what is meant by ‘“‘muscle tone.” 
What muscles show this tone in the functioning of the part in 
which they are? 

5. How can muscular fatigue be demonstrated? What causes 
fatigue in muscles? 

6. Explain in brief the effects of stimulants and Narcotics on 
muscular action. What is fatty degeneration of muscle? In what 
muscle would this condition be serious? 

7. What disadvantage do city folk experience in their effort to 
remain healthy and vigorous? 


8. Discuss the advantages and disadvantages of your favorite 
sport. 


QUESTIONS TO THINK ABOUT 


1. Does a few minutes’ practice in a gymnasium suffice for a 
day’s exercise? Explain your answer, 

2. Is there any relation between the amount of bodily exertion 
required in an occupation and the wholesomeness of such occupa- 
tion? Why? 

3. It is said that an Indian often runs Or trots six 
day, and that he rests his muscles without sto 
a while chiefly with the hip joint and muscl 


ty miles per 
pping by running for 
es of the thigh, then 
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with the knee joint and muscles of the upper leg. Can you rest 
some of the running muscles while running? 

4, Can you relax the chewing muscles so that the lower jaw 
will swing loosely when the head is shaken? Try this. 

ke Can you relax the muscles of the forearm so that the hand 
will shake loosely on the wrist and the fingers in their sockets? 
Demonstrate. 

6. Can you relax the whole arm so that another person can 
move it as a flexible rope? Demonstrate. 

7. Which joints of the limbs lock and refuse to bend further 
when the limb is straightened ? 

8. Which muscles have become useless with most persons, 
although some can still use them? 

9. The average man has sixty pounds of muscle and two pounds 
of brain; one half of the blood goes through the muscles and one 
fifth goes through the brain. What inference may you draw as to 
the kind of life we should lead? What are the limitations of your 
inference? 

10. What are the beneficial effects of exercise upon the functions 
of the skin? 

11. Is a slow formal walk suitable exercise? What exercise do 
you enjoy most? Do you practice it? 

12. In what part of the skeleton is it most important to keep the 
muscular walls firm and strong in order to hold the internal organs 
in position? 

13. Why should a youth who wishes to excel in athletic contests 
abstain from the use of tobacco? 

14. How does the fact that if the nerves of one side of the face 
are paralyzed the face will be drawn towards the other, illustrate 
muscular tone? 

15. Why does a game of baseball on Saturday afternoon actually 
rest a tired shop boy? 

16. What movements did you ever see a Cat make for the sake 
of exercise? 

17. What animals have you ever seen play or stretch themselves 
for exercise? ; 

18. Why do you feel so exhausted after a fright? 

19. Do you know persons who seem to be possessed by what 
is called “the spirit of jerkiness’”? How could they overcome it? 
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20. Why should girls not compete with boys or under boys’ 
les in most athletic games? ae ‘ io Pte 
is: If training rules are good for getting into ‘‘condition,” | 
: . . P| 
hy are they also good for everyday living ? en 
i 29. What facts of this chapter might aid you in getting into 
“condition” ? 


INTERESTING THINGS TO DO 


1. Experiment — To study the contraction of muscle. . 

Material..— Muscle from a frog, muscle clamp, inductorium 
(Fig. 254), pincers, 
acetic acid, 

Method and observa- 
tion. — 

(a) Arrange the 
muscle from the frog’s 
leg on a muscle clamp 
and keep the nerve in- 
tact. Pinch the end of 
the nerve and observe 
pip abbr: toate = io bi | 
muscle. a  ————— 

(6) Touch the nerve 4 : 
with filter paper wet 
with the acetic acid. Fig. 143. The ergograph is an instrument 
What happens? cain ena the work done by a muscle 

(¢) Place the elec- 
trodes of the inductorium on the nerve and stimulate with a “‘break”’ 
shock. (A break shock is produced when the circuit is broken by 
raising the key.) What happens when the nerve is stimulated ? 

2. Experiment — To study the effect of cold and heat on mus- 
cular contraction. 

Material. — Hand dynamometer, ice, and a large vessel. A 
hand dynamometer can probably be borrowed from the physical 


education teacher. If not, it may be purchased from the Harvard 
Apparatus Company. 
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' Apparatus for experiments in physiology may be obtained from the Harvard 
Apparatus Co., Back Bay Station, Boston, Mass, 
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Method and observation. — 

@) Cool the hand and arm up to the elbow in ice water. This 
will cool the muscles which control the fingers. Make in three 
trials the maximal contraction on the dynamometer. 

(6) Warm the hand and arm with heat and massage, and again 
make three trials on the dynamometer. 

(c) Compare the results in (@) and (6). What do these results 
suggest for athletic activities and work in the gymnasium? 

3. Experiment — To study the effect of exercise on size of 
muscle. | 

Material. — A non-stretchable and non-shrinkable tape. 

Method and observation. — Measure the circumference (girth) of 
the biceps and triceps in the largest part of the upper arm. Write 
this measurement in your book and record the date. For a period 
of one month daily exercise the arm with dumbbells, chinning, or 

= some other exercise which the 
physical education director will 
show you, and again measure the 
arm in the largest part. How much 
has it increased in size? 

Have the class tabulate on the 
board the gain and indicate the 
type of exercise chosen. 

4, Experiment — To study the 
effect of exercise on secretion of 
sweat. 

(a) Swing Indian clubs for five 
minutes and note whether perspi- 
ration comes out on the face or body. 

(b) After resting “run in place” 
for the same length of time and 
notice whether there is visible per- 
spiration on the face or body. Is 
there a difference? If so, why 
should there be this difference? 

as Experiment —To study mus- 

ea cular contraction and fatigue. 
Fig. 144. The kymograph with Material. — Ergograph (Fig. 


i i d is used with 
ae Spee ar 143). See footnote, page 177. 

















































































































MUSCLES IN ACTION AND HYGIENE OF EXERCISE 179 


Method and observation. —Clamp the iron angle to a table 
(Fig. 143) and fasten the second, third, and fourth fingers to the 
wooden support. Upon the index finger, adjust the rod as shown 
in the picture. Record the movement of the rod on a kymograph 
(Fig. 144). A highly glazed paper, smoked by a flame, is pasted 
on the drum to receive the tracing. 

Does fatigue occur? To what is that due? Try the experiment 
after the day’s work in school and before beginning the day. Do 
you notice any difference? 
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Food and energy. — The power that enables one to move, 
think, and do all the things that are expressions of life is a 
force that comes directly from food. This power is spoken of 
as energy. The energy of the food is made available for use 
in the body by a number of changes which are chemical in 
nature and rather complicated in character. These changes are 
simply means for transferring the energy of the food to the 
cells of the body. It should be understood that foods do not 


produce energy; the energy of the food is transformed and is 


thus available for the body. 
180 
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Ultimately, of course, energy comes from the a A 
plants with chlorophyll use water and carbon dioxide oe 
off by animal life or otherwise produced in nature. si . 
the building power of the sun’s energy (called photosynt ee 
the plant converts the water and carbon dioxide into p s 
material (Fig. 145). This material may be used directly by 


\ 
l7\ 
1 
ili\\ 
Energy from the sun 
i] i for \v\ 
Photosymhests 


iJ it i sei 


D 


e® 
2 
p es 
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Cell containing 
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oy 
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CondHt 
Any cell 
From Peabody and Hunt, “Biology and Human Welfare” 


Fig. 145. The storage of energy from the sun and its release may be repre 
sented as above. 














the body for food, or it may serve as food for other animals 
and be built up into their tissue. Man may then use animal 
flesh for food. But whether food comes directly from plants 
or indirectly through animals, the ultimate source is the sun. 

It should be noted, at this time also, that the burning of 
food material in the body requires the presence of oxygen. 
Oxidation of the food material is the way in which the energy 
of the food is released for the use of the cells. 
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Many uses for food. — At one time it was believed that 
food served only to provide energy for action and materials 
for growth. In recent years the importance of certain foods 
in maintaining the health of the body has brought to light 
the significance of food in the regulation of cellular activity. 
Thus, while some food materials are valued chiefly for their 
ability to yield energy, and others are selected for their impor- 
tance to the growth of tissues, there are still others that play 
a part in regulating the processes that go on in the millions 
of little chemical laboratories, the body cells. The rdle of 
food in these three functions will be indicated as we continue 
the study. 

Composition of food. — Food is composed of chemical 
substances that on oxidation yield energy. The energy they 
yield is measured in terms of the Calorie, which is a unit’ of 
measurement of heat. To speak of the caloric value of a food 
is to speak of its power to yield heat units. The caloric value 
of the chemical substances of which foods are composed will 
be given in the paragraphs that follow. The composition of 
foods may be listed as follows: Carbohydrates, fats, proteins, 
vitamins, minerals, and water. 

Carbohydrates. — The carbohydrates are chemical substances 
that contain carbon (C), hydrogen (H), and oxygen (op? 
The combinations of these vary in different substances. The 
chemical formula of a very common carbohydrate, glucose, is 
CgH120,. The energy available in the body from this substance 
(glucose) comes from the oxidation of the glucose by the 
action of oxygen. 

Carbohydrates are found chiefly in foods that we commonly 
recognize as the starches and sugars: corn, wheat, rice, and 
other grains, potatoes, beans, peas, grapes, bananas, honey, 
sugar cane. 

r 1 de- 


1 A Calorie is the amount of heat required to raise 1 kilogram of wate 
gree Centigrade. 
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The caloric value of carbohydrates when burned in the body 
is four calories per gram of carbohydrate. This fact, which 
was determined by a delicate experiment of burning food in 
a calorimeter, is of use to the layman, as it enables him to 
compare carbohydrates, fats, and proteins in respect to their 
ability to yield heat units or energy. 

Fats. — The fats also are composed of carbon, hydrogen, 
and oxygen. Analysis of a very common fat, such as that 





Courtesy E. V. McCollum, from “Newer Knowledge of Nutrition” 


Fig. 146. The rations of these two rats from weaning time were exactly 
alike, except in the character of the fat which they contained. The one on 
the left was given 5 per cent of sunflower seed oil. The one on the right 
was given 1.5 per cent of butter fat. Butter fat, egg yolk, and the leaves of 
plants contain a dietary essential which is necessary for growth in the main- 
tenance of health. This substance is known as vitamin A and is not found in 
fats or oils of vegetable origin. The lack of this substance in the diet causes 
the development of a peculiar eye disease known as xerophthalmia. 


found in butter, shows 75.17 per cent carbon, 11.72 per cent 
hydrogen, and 13.11 per cent oxygen. A fatty acid, in most 
vegetable and animal fats, is palmitic acid (CygH3.0.). 

Fats are found chiefly in milk, cream, butter, oleomargarine, 
nuts, and oils. Experiments have shown that oleomargarine, 
fortified by the addition of vitamin A, is equivalent to butter 


1 Promoting normal growth. The caloric value is nine calories 
per gram of fat. 


184 HEALTHFUL LIVING 


It will be noted that fat yields more than twice as much 
heat as carbohydrate. This conforms to our general obser- 
vation that fat is more “heating” than other foods. The sig- 
nificance of milk (fat) in the diet is shown in Figure 146. 





Courtesy E. V. McCollum, from “Newer Knowledge of Nutrition” 


Fig. 147. The rations of these two rats had the same composition. They 
differed only in the source of the protein which they contained. The raton 
the left grew up on a mixture of corn proteins and gelatin; the one on the 
right on a mixture of protein from the corn kernel and wheat gluten. The 
difference is the result solely of the difference in the quality of the proteins 
in the two diets. Corn proteins and gelatin do not supplement each other’s 
amino-acid deficiencies. These animals were the same age, and had been 
confined for the same number of days to the experimental diets. 


Proteins. — Proteins are composed of carbon, hydrogen, and 
oxygen, but are distinguished by the fact that, in addition, 
they always contain nitrogen. There also may be present 
sulphur, iron, of phosphorus. The percentage composition 
of a very common protein, the white of egg (egg-albumin ), 
‘5 as follows: carbon, 52.75; hydrogen, 7.10, oxygen, 23.024; 
nitrogen, 15.51; sulphur, 1.616. The compounds that compose 
d very complex. To illustrate 


the proteins are numerous an 
sent in all proteins, 


the complexity the formula of leucin, pre 
is given: (CH;)xCHCH,CHNH2COOH. The significance of 
own in Figure 147. 


proper proteins in the diet is sh 
in feeding experiments with 


Vitamins. — It was learned 
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rats that diets containing the essentials in fats, carbohydrates, 
and proteins were still inadequate to promote normal growth. 
The illustrations in Figure 148 show two rats of the same 
age. The condition 
of the rat in the 
lower picture is due 
to the lack of vita- 
min A in its diet. 

In a sense all food 
is a regulator of ac- 
tivity, but vitamins 
are so strikingly im- 
portant in molding 
cellular activity that 
their function in this 
respect should be 
stressed. Observe 
the tracing of the 


growth curves in two a 
From Rose, “The Foundations of Nutrition” 


sets of rats shown Fig. 148. These rats are the same age. The 
in Figure 149. One one above has had a normal and complete diet. 

: The one below has had no vitamin A in its diet 
might hazard the and as a result is in very poor condition. 
guess that the one 


group had been starved. This is not the case, however. Both 
gtoups are of the same age and are different because the diet 
of one contained sufficient vitamins of the right kind. 

Study by many workers has revealed that the animal body 
requires for normal growth, development, and function cer- 
tain substances in addition to the energy needs of the body. 
These substances, called vitamins, were at first designated by 
letters of the alphabet, as vitamin A,B, CD ete. More ex. 


act names have since been given to them. The different vit 
mins, as described below, have char 
Vitamin 








a- 
acteristic functions. 
A. — The ultimate source of vitamin A is the green 
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plants of the land and sea. In these it exists as carotene, a 
provitamin, which is a chemical substance from which a vita- 
min is formed. Animals that live upon plants change the 


Diet Changed 


WEIGHT IN GRAMS 






40 4 
5 


Days 


25 
Diet Changed Days 


Fig. 149. Two sets of rats, eight in each set, were fed on a similar diet 
except that one set had from 2 to 4 c.c. of milk daily. The set having milk is 
marked by white circles; the one with no milk by black dots. Set A gained 
until deprived of milk; set B lost a little until given milk. The significance 
of vitamin A in the diet is indicated for growth in weight. (After Hopkins. ) 


carotene into vitamin A. Since man lives upon both animal 
and vegetable foods, he derives his vitamin A from the carotene 
of plants and from animals that have already converted the 
carotene. This fact may be diagramed as suggested by L. J. 
Harris! in his book, Vitamins in Theory and Practice. 

ins in Theory and Practice, Cambridge University Press. 


1 Harris, L. J. Vitam 
England, 1938, p. 177. 
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CAROTENE 
i - 
Marine plants Land plants 


Shell fish cow 


Small fish milk — butter — cheese 


Y 
Larger fish (cod ) 
Cod livers Vitamin A 
Vitamin A —————> Man z 


Fruits and vegetables, therefore, contain practically no vita- 
min A; it always exists in the provitamin form, carotene. 
From the above diagram it will be noted that cod-liver oil is 
a source of vitamin A and this depends upon the carotene of 
marine plants. Man living upon land plants eats food con- 
taining carotene which he converts into vitamin A, and living, 
also, upon animal food, he derives vitamin A directly from 
dairy products. 

In plant foods there seems to be a relation between green- 
ness of the plant and carotene content. For example, the outer 
green leaves of head lettuce contain 30 to 40 times as much 
carotene as the inner white leaves. Green asparagus stalks 
yield more carotene than the white ones. The white stalks 
of celery contain practically no carotene at all. In some plants 
the potential vitamin A activity is indicated by the yellow 
color. Thus, carrots and sweet potatoes are excellent sources. 
Fruits, such as apricots and bananas, are rich in carotene. 

Foods heated for a long time lose considerable vitamin A 
potency, but are not affected at the boiling point nor by 
ordinary cooking periods. For this reason as a rule canned 


goods have practically the same vitamin A 


values as fresh 
foods. 


Frozen foods also contain their fresh values. Dried foods, 


however, show considerable loss in the drying process. 
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The vitamin A requirements and other dietary essentials are 
shown in the table of Recommended Dietary Allowances pro- 
posed by the Food and Nutrition Board of the National Re- 
search Council (page 196). The requirement of vitamin A 
for high-school students is 5,000 units daily. This can be 
met by the diet list given on 
page 201; it will be noted 
that this list meets also the 
other dietary requirements as 
( } proposed by the Food and 
Anti-gray hair] pai ‘\ Nutrition Board. 

Vitamin B.— When vita- 
min B was first discovered, it 





Mi : : 
! was believed to b 
Wy Cees 
GD § ; vitamin. Later investigations 
Y Ss showed that it was a complex, 
ee B, (Thiamin) 
Nicotinic acid “Np = i . d tof l 
Block Tongue’ that is, composed of severa 
and Fellagra vitamin { ' : 
Adapted from Williams and S pies’ “Vitamin B, : ; ve This complexity = 
and Its Use in Medicine” indicated to the left. 
Fig. 150. This diagram illustrates the Twelve factors composing 


complexity of vitamin B. ; 
the B complex have been dis- 


covered, and nine of them have been identified. The nine are 
thiamine, riboflavin, niacin, pantothenic acid, pyridoxine, 
choline, biotin, inositol, and para-aminobenzoic acid. Of 
these the first three are better known than the others. 

1. Thiamine. The thiamine content of a few typical foods is 
shown in the table on page 191. The Food and Nutrition 
Board recommends a daily consumption of 1.5 to 2.3 mg. of 
thiamine. By reference to the table it will be seen that it 
is not easy to secure the amount of thiamine required without 
the use of whole-grain cereals or enriched flour and bread. 
If these sources are included in the diet, then the addition of 


such foods as pork, oatmeal, peanuts, liver, and fresh peas 


provides adequate amounts. Since the latter sources are not 
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likely to be eaten every day, it is very important to include in 
the daily diet whole-grain cereals and the enriched-flour bread Si 

Thiamine is readily soluble in water, and considerable 
amounts of the vitamin may be lost in preparation and cooking 
of foods. For this reason it is recommended that vegetables 
be cooked in small amounts of water and that the liquor 
remaining be served with the vegetable or used in soups. 

2. Riboflavin. This vitamin is widely distributed in plant 
and animal food sources. Liver, milk, and vegetables are the 
best-known sources for man’s diet. The recommended allow- 
ance is 2.2 to 3.3 mg. daily. When the diet is deficient in this 
vitamin there are skin and eye symptoms. _ 

3. Niacin. This vitamin is chemically nicotinic acid and is 
sometimes known by that name. The term niacin, however, is 
preferable. The lack of this vitamin is responsible for pellagra, 
a deficiency disease characterized in its early stages by weak- 
ness, tiredness, lack of appetite, indigestion, sore mouth, 
and diarrhea. 

The recommended allowance is 15 to 20 mg. daily. By 
reference to the table it will be clear that diets which depend 
upon cornmeal and white flour will be deficient in niacin. The 
good sources are indicated in the table. 

4. Pyridoxine. This vitamin was known for some time as 
vitamin Bs. The function of this vitamin is not known, al- 
though it is believed to be an essential of the diet. The best 
sources of pyridoxine are rice, bran, liver, yeast, cereals, leg- 
umes, and milk. 

5. Pantothenic acid. This vitamin is widely distributed in 


nature, but its function in the metabolic activity of man is 
unknown. Like several others of the v 


| itamin B complex, its 
discovery and 


identification have preceded knowledge of the 

true part played by these substances in the nutrition of man. 
6. Choline. This vitamin Operates to make effective the 

use of fatty acids by the body. When the vitamin is lacking 
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fat accumulates in the liver, indicating that the body cells are 
unable to use it. The best sources of choline are meats, 
cereals, vegetables, and eggs. 

7. Biotin. While this substance has been known as essen- 
tial for some time in the growth of microérganisms, its use 
in the nutrition of man is unknown. 

8. Inositol. This substance is classed with the other vita- 
mins of the B complex, although nothing is known about its 
function in the nutrition of man. 

9. Para-aminobenzoic acid. ‘This vitamin, like biotin, is 
essential for the growth of microérganisms, and it has some 
function in the normal pregnancy and lactation of rats. In 
some experiments the substance seems to restore the pigment 
of hair, and is called by some the gray-hair factor. The evi- 
dence, however, is not sufficient to make positive statements 
about it. 

Vitamin C (ascorbic acid). — This vitamin, known com- 
monly by the letter C, is chemically ascorbic acid. It is essen- 
tial to health. 

For centuries, a disease known as scurvy caused serious 
illness and death among the crews of sailing ships. Many 
dramatic tales are related of the dangers that beset men who 
sailed forth on long voyages at sea. One such tragedy is 
reported to have occurred to a Spanish galleon that was found 
drifting at sea with the entire crew dead of scurvy. When 
Vasco da Gama sailed around the Cape of Good Hope in 
1498, he lost from scurvy 100 men out of a crew of 160. 

But it is also true that scurvy was not limited to sailors and 
ships at sea. For centuries, scurvy was a common disease in 
northern Europe. The long winter months, with restricted 
diets that lacked fruits and fresh vegetables, produced on 
land the same disease that sailors suffered at sea. 

Less than a hundred years after Vasco da Gama’s voyage 
around the Cape of Good Hope, a British sea captain, Sit 
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% 
VITAMIN CONTENT OF A Few Typicat Foops 


Milligrams per hundred grams (edible portion) 


PANTO- 
Foop THIAMINE ou NIACIN eee oe 
Applesss so See .: 0.025 0.050 0.500 OL050 Sot ee oar 
Baas a 0.040 0.080 0.600 COLO 70 eee eee 
Bread 
white (unfortified) . 0.070 0.100 0.800 0.400 0.300 
white (fortified). . 0.280 0.140 1.500 0.400 0.300 
Cabbare da 24 oot. 0.060 0.050 0.290 0.225 0.290 
Carrots aud ey See & 0.050 0.100 1.500 0.210 0.190 
Cheese ares fia hoe ce 0.030 0.500 te Renee re 03350) |=. eek see 
Goramenlse. ae 0.200 0.150 1.500 0.800 a 7 
BEE i ee ee a LO aks | 0.400 0.050 Ervin Soa e 
Meats 
Beets. a cs 0.150 0.250 6.500 1.100 0.400 
Pork (loin) . . .}| 1.500 | 0.200 9.200 1.500 0.600 
Poultry Gight meat) 0.075 0.060 6.100 0,600 ot) Zi sea 
Poultry (dark meat) 0.100 0.250 7.300 2.000 0.200 
Calf’ s liver, 5 >: 0.400 3.200 20.000 57200 47 | tae 
Pork ver. Sahu 0.400 2.700 22.000 5/4007) | eae 
Milk (whole, fluid) .| 0.045 | 0.200 0.070 0.300 0.200 
Oatmeal ee 0.800 0.160 1.130 1.300 0.250 
ranges: (tah. ~ A Re 0.070 0.030 0.220 OLO7OS | a. eee 
Peas (fresh). ® . . 0.300 0.190 0.750 O.600) ls. eee 
reenucen sh.) oF Ses 0.800 0.300 13.000 400 | bees ens 
Potatoes << 0.125 0.060 1.160 0.400 0.160 
SPIDER oo. Le. 0.075 0.250 0.720 0:200 il as eee ee 
Tomatoés. . ; . . 0.050 0.050 0.580 LOS Fs ae 
PMPs. Go) 0.040 O060) 61) scat ee 0.250 dene ah te 
Yeast (brewer’s dry) .| 12.000 4.000 40.000 20.000 5.500 
Whole wheat . _ .” 0.450 0.120 5.900 1.300 0.460 





Richard Hawkins, reported that ‘‘sower oranges and lemons” 
were “most fruitfull for this sicknesse.” From that time on- 
ward, observation and experience taught man that oranges, 
lemons, limes, potatoes, sauerkraut, tomatoes, and onions 
would prevent and cure scurvy. 

Vitamin C is widely distributed in fruits and vegetables. 
The best sources are oranges, lemons, limes, gtapefruit (fresh 
or canned), tangerines, tomatoes (fresh or canned), fresh 


* From C. A, Elvehjem in Handbook of 


Nutrition, Council on F i 
ion, Ameri ; ia 2 , oods an = 
tion, American Medical Association, 1942 d Nutri 


» Pp. 213-239, 
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strawberries; somewhat less important are apples, bananas, 
and pineapples. Among the vegetables raw cabbage is a rich 
source. Other good sources are Brussels sprouts, kale, 
broccoli, cauliflower, onions, turnips, parsnips, carrots, po- 
tatoes, green peas, and green beans. 

Dry cereals and legumes lack vitamin C, as do also meat, 
eggs, butter, cheese, and milk. 

Care in handling fresh foods affects the content of vitamin C. 
Spinach, a few days old, loses about half of its vitamin C, but 
if kept at a low temperature of 37° to 38° F., it retains its origi- 
nal value. This is true for all vegetables. Frozen fruits and 
vegetables retain most of their vitamin C value. When thawed 
they rapidly lose their vitamin and hence should be cooked 
without defrosting. 

In cooking the vitamin C value may be readily lost due to 
oxidation processes. Spinach and cabbage cooked in an open 
vessel lose from 50 to 100 per cent of their vitamin C. Bruis- 
ing of vegetables sets free enzymes (see page 209) in the 
plants that oxidize the vitamin. Vegetables eaten raw, such 
as shredded carrots, cabbage, and cauliflower, should be 
freshly prepared. Vitamin C is readily lost in an alkaline 
medium; hence soda should never be used in the water for 
cooking. Copper vessels of metal ones containing copper 
not only discolor vegetables but rapidly destroy the vitamin 
through the action of copper salts. 

Drying, pickling, salting, or curing vegetables reduces 
markedly the ascorbic acid. Canning may or may not destroy 
it. This depends upon how the process is performed. Alka- 
linity of the medium, contact with copper vessels, bruising of 
the plant, prolonged heating, access to air in cooking, fresh- 
ness of the plant — these factors vary greatly in canning fac- 
tories and any one may seriously impair the vitamin. 

It is increasingly recognized that larger quantities of all 
vitamins may be necessary for health than are required for 
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the prevention of specific deficiency diseases. This principle 
is particularly true for vitamin C and scurvy. The Food and 
Nutrition Board recommends for high-school girls 80 mg. and 
for high-school boys 100 mg. daily (see table on page 196). 

The loss of health that results from vitamin C deficiency in 
the diet is most marked in the disease scurvy. But health 
disturbance in mild forms may occur, of course, without the 
diagnosis of scurvy. The relationship of lack of this vitamin 
to tooth decay is not established. 

Vitamin D (calciferol). — The association of vitamins 
with the deficiency diseases, beriberi, pellagra, and scurvy, has 
been clearly established. Likewise is the association of vitamin 
D with rickets. This disease occurs in infancy, but it is much 
less common today. Rickets results in knock-knees, bowlegs, 
head and chest deformities, and extreme caries of the teeth. 

In the latter part of the nineteenth century Dr. T. A. Palm, 
an English physician, pointed out that rickets is prevalent in 
places of little sunshine and practically nonexistent in sunny 
climes. Today we know that this sunshine factor is due to 
the ability of ultra-violet rays of the sun to develop one form 
of vitamin D in the skin although the diet may be quite in- 
adequate. 

But rickets can be prevented by the simple act of adding 
vitamin D to the dietary. Thus, vitamin D will prevent the 
disease in places where the sun shines very little. Cod liver 
oil and halibut liver oil are excellent sources. 

Vitamin D is absent from living plants; the source is ani- 
mal entirely. Salmon, sardines, and herring are rich sources, 
eggs are of good value, and butterfat and meat contain some 
vitamin D. Efforts to isolate and identify the vitamin disclose 
that irradiated ergosterol is practically identical with vitamin D. 

Vitamin D will prevent rickets in the absence of sunshine, 


but both are necessary for all persons for the most efficient 


use of calcium and phosphorus. These minerals are impor- 
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tant for the bones and teeth. Man, therefore, needs sufficient 
vitamin D in an otherwise ade quate diet to maintain proper action 
of calcium and phosphorus in the tissues. 

No vitamin can make up for deficiency of other items in 
the diet. With respect to vitamin D, it cannot overcome the 
effects of calcium failure. 

It is estimated that nursing infants require about 400 to 
800 units of vitamin D daily; that children require about 
750 c.c. of milk (the best source of calcium) and 400 to 800 
units of vitamin D daily; and that adults probably need 400 
to 800 units also. A tablespoonful of cod liver oil will supply 
the daily needs of a child for vitamin D. 

Vitamin K (menadione). — This vitamin, one of the more 
recently discovered, is necessary for the proper formation of 
prothrombin. Prothrombin, as the reader will learn in 
Chapter XIII, is an essential factor in the coagulation of 
blood. The vitamin is widely distributed in nature and is 
commonly found in the green leaves of plants. Cabbage, 
cauliflower, and carrot tops are good sources. 

Other Vitamins. — There are other vitamins that have been 
described in experiments with rats and chicks, but none seem 
to have meaning for human nutrition. This is true for vita- 
min E, found to play a part in the fertility of rats, and vitamin 
P (citrin), which is found in lemon rind. 

Vitamin Preparations. — Commercial vitamin preparations 
are widely advertised on the radio and in the newspapers. 
Believing the claims made by these advertisers, one might 
conclude that vitamin pills are necessary for health. The truth 
of the matter is quite the opposite. While the physician may 
prescribe vitamin medicines in cases when deficiency is 1n- 
dicated, it is true that common foods are the best sources of 
vitamins. The advertising of these products is carried on in 
the old style of patent medicines with extravagant claims and 
misleading advice. Moreover, analyses of various vitamin 
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preparations on the market show that they are extremely 
variable in content of biologically active vitamins. | 

Minerals. — Caloric values, the nitrogen of proteins, and 
vitamins are not sufficient for the body. There are needed, 
also, minerals for the proper growth of bones and other tissues. 
In addition, minerals are important in the composition of 
some proteins and hence iron, phosphorus, and sulphur play 
a vital part in their construction. One of the essential min- 
erals is calcium, which is present in abundance in milk. The 
different important minerals are listed below, with respect to 
their sources and their availability. 


AVAILABILITY IN COMMON DIET 


SOURCE 


CES eee een Enough Deficient in 
Pesce’ Present Usual Diet 
Sodium Common salt Always 
Potassium | Meat and vegetables Usually 
Magnesium | Meat and vegetables Usually 
Calcium Milk, prunes, oranges, Usually 
-nd vegetables, espe- 
cially carrots and cab- 
bage 
Sulphur Meat and vegetables Usually 
Phosphorus | Cheese, cod, haddock, Frequently 
celery, spinach, and 
lettuce are prominent 
sources 
Iron Meat, milk, eggs, whole At times 
wheat, spinach, and 
beans 
Iodine Milk, leafy vegetables, In some 
fruits, and water sections 
of the 
country 








nee 
When any of the above minerals are seen to be deficient, special 


attention should be given to selection of the food that is 
particularly rich in the mineral desired. 


. Water. — Water is not classed as a food in the sense that 
It gives energy, controls growth, or regulates activity in the 
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way that vitamins and minerals do. It isa constituent of many 
foods, however, and should be used generously as drink, serv- 
ing to maintain the fluid character of the blood and tissue spaces. 

Classification of food. — There are several ways in which 
food can be classified. We shall study the problem of food, 
however, with reference to the three functions mentioned 
above: namely, its power to yield energy; its power to build 
tissue; and its power to regulate processes in the body. 

Power to yield energy. — The foods of most importance for 
production of energy are the fats and carbohydrates. Proteins 
may be used to give energy when the other two foods are 
insufficient in the diet, but generally one should rely upon the 
fats and carbohydrates as the source of energy. Some foods 
are valuable for their yield of energy, for their tissue-building 
properties, and for their power to regulate body processes. 
Milk and eggs, for example, rank high in all three functions, 
and are, therefore, excellent foods for the daily diet. 

Power to build tissue. — Proteins are the main source for the 
building of tissue, because they alone contain nitrogen; and 
nitrogen is always a part of the composition of the animal 
muscle cell. Inasmuch as the building of tissue in youth is 
more prominent than in adult life, the young person requires 
more protein for his weight than the old person. Experiments 
in feeding show that growing children and young persons 
should use as food, milk, whole-wheat bread, leafy vegetables, 
and fruits, as the standard around which other foods are added 
to supplement the diet. 

The notion that athletes require large quantities of meat is 
erroneous. In fact, even the athlete does not require meat 
more often than once a day. Vegetables should be used to 
supply some of the protein needed by the body. 

| Power to regulate body processes. — Regulation of the func- 
tions of the cells and organs of the body is intimately related 
to the use of certain foods. If the vitamins are insufficient in 
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amount, dietary diseases will develop. In addition to the vita- 
min content of foods, the mineral composition also has a 
regulatory function as has been mentioned. Milk, whole-wheat 
bread, prunes, oranges, carrots, and cabbage are to be included 
in the diet because of the high calcium content. This mineral 
is valuable for the bony development of the individual and 
particularly for the teeth. Dental caries is related to improper 
diet as well as to defective cleaning. While it is important to 
clean the teeth thoroughly and regularly, decay will still occur 
if the diet is lacking in the needed food materials. 

Boys and girls living in the Great Lakes region and the 
northwest, as well as in certain regions along the St. Lawrence 
River, and in the Ohio River valley, may need to add iodine 
to their diets to prevent enlargement and disturbed function 
of the thyroid gland. In some cities, this addition of iodine 
is made by the Department of Health to the water supply; in 
other places, tablets of iodine are administered through the 
Board of Education free of charge to school children. The 
state of Michigan requires that table salt sold in that state 
shall contain 0.02 of 1 per cent of sodium iodide. In addition 
to calcium and iodine, the iron content of food is important 
because of the use of iron in the formation of the red cells of 
the blood. The function of this iron will be described later, 
but it should be stated here that this mineral is important in 
relation to anemia, a condition of the blood characterized by 
the lack of iron. 

Thus vitamins and minerals are to be considered always in 
estimating the worth of food. For proper function of the 
bowel, there is needed a certain amount of roughage, which 
will be provided in the fruits and leafy vegetables selected for 
other purposes. The reaction of the tissues also must be con- 
trolled and diets that tend to increase the acid condition of 
the tissues may be avoided. It is interesting to note that the 
foods which fail to provide the necessary requirements if 
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vitamins and minerals are the ones that are likely to give an 
oversupply of acid for the body. On the other hand, the foods 
that add alkaline elements to the body are chiefly milk, vege- 
tables, and fruits; these are the ones which are most useful for 
the vitamin and mineral needs of the human system. 

The proper diet.—In summary, then, the foregoing 
knowledge should enable us to choose the proper diet. As 
food must provide energy for the work of the body, fats and 
carbohydrates are chiefly to be employed. To provide for 
tissue building, protein should be included. Furthermore, 
vitamins and minerals are necessary for the growth and nutri- 
tive needs of the body. At the same time there must be bulk 
to stimulate the action of the alimentary canal and, finally, not 
an overabundance of the acid-forming foods. There are other 
considerations of the diet to be taken into account as: How 
much food shall one eat? How much of the different kinds? 

How much food shall one eat? — Many years ago, the acci- 
dental shooting of a soldier, Alexis St. Martin, at Fort Macki- 
nac, enabled the post physician, Dr. William Beaumont, to 
observe the action of the stomach during the digestion of 
food. The wound made by the shooting caused an opening 
in the stomach as well as in the muscles of the trunk covering 
that organ. The observations made by Dr. Beaumont and 
confirmed by other workers since that time show that some 
foods stay in the stomach longer than others. A very full 
stomach empties more slowly than one that is not overfilled. 
Protein food stays in the stomach longer than carbohydrate 
food. Bread will Stay in the stomach about an hour and a 
half, but bread and meat will require two to three times as long 
for digestion. Generally, children do not overeat, although 
many adults do. Both children and adults should select food 
for the purposes it serves in the body, rather than choosing 
only what pleases the taste. But how shall these be selected? 

How much fat, carbohydrate, protein, and mineral shall there 
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be in the diet? — The proportion of these three substances in 
the diet has been estimated in various ways in the past. The 
variation has generally been in the protein portion. Even 
authorities in nutrition differ in the judgment regarding the - 
mineral. Lusk, a noted American scientist, makes the com- 
ment, ‘One can say that in the United States there is no pro- 
tein, salt, or vitamin deficiency in the habitual diet, and there 
is plenty of roughage in the form of cabbage, sauerkraut, and 
other vegetable foods available to him who desires it.” H. C. 
Sherman, Professor of Chemistry, Columbia University, 
analyzed 150 American dietaries and makes this observation: 
‘Apparently, therefore, the typical American dietary does not 
contain any such surplus of iron as would justify the practice 
of leaving the supply of this element entirely to chance.” 

Here are authorities who differ regarding the question of 
an important mineral. Experts differ on these points and par- 
ticularly on the question as to the amount of protein. At one 
time it was recommended that the protein constitute as much 
as 161 grams a day. The following standards by W. O. At- 
water give the requirement that he recommended: 


ee eeeeeeeeeeeaeaeawa>_nm—g—0 Oooomoumwmw=m> 





ATWATER’S STANDARDS pe ee 
Man at very hard muscular work. . . - + - - 161 5500 
Man at hard muscular work 138 4150 
Man at moderate muscular work . oe a> 3400 
Man at sedentary or woman at moderate WOLKy cig 92 2700 





oe 


The Food and Nutrition Board of the National Research 
Council recommends 70 grams of protein a day in the diet 
of a man weighing 70 kilograms (154 pounds), and 60 grams 
for a woman weighing 56 kilograms (123.2 pounds). 

Lumbermen working during the winter months in the Maine 
woods consume food in a single day that yields 8000 calories. 
The average man should use about 3,000 calories and this will 
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be obtained by taking in a day 70 grams of protein, 150 grams 
of fat, and 370 grams of carbohydrate. Brain workers do not 
need as many calories as laborers in the field or factory. There 
is no particular kind of food that will serve as “brain food,”’ 
although fish and certain prepared foods are often claimed to 
have that virtue. 

The caloric needs of an individual form the basis for deter- 
mining the food needs of a nation. In war times, especially, a 
nation has to plan carefully in order adequately to feed the 
populace. 

Sample Menus. —'The sample menus, which follow on page 
202, are suitable for use in a high-school cafeteria or any 
organization which supplies meals for boys or girls of high- 
school age. 

The safest way to insure that the dietary essentials are in- 
cluded is to select certain foods daily in specific amounts. 
The diets on the following pages include the seven essentials 
recommended by the Food and Nutrition Board of the National 
Research Couacil as follows: 

Bee es. O sede? eile e a bel pint 

Egg... .. . . . 1 daily, if possible. (On days not 
used, beans, peanuts, cheese, or 
more milk or meat to be used 


instead ) 

Meat, fish, or fowl . . . 10rmore servings 

eOmtO Goad arly Weve ea of more 

Vegetables . 2 of more servings, one green or 
yellow 

Fruits . 


2 or more, one citrus fruit or tomato, 


or other good source of vitamin C 
Cereals or bread - Whole grain or enriched 
Other food as needed to complete the meals. 


_ It should be noted that milk may be secured as a drink, in 
} > 
ice Cream, or in soups. 
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LuNcHEON FOR A Hicu-Scuoot Boy ! 


I 


Liver and bacon 
Creamed carrots 
Fruit cocktail 
Coconut custard 
Bread and butter 
Milk 


II 


Peanut-butter sandwich 
Mashed potatoes 
Cabbage salad 

Ice cream 

Stewed fruit 

Chocolate milk 


LUNCHEON FOR A HiGuH-ScHooL GiRL 


I 


Ham-rye sandwich 
Apple-celery salad 
Molasses cake 
Baked custard 
Hot cocoa 


II 


Cream of celery soup 
Fresh carrots 
Lettuce sandwich 
Fruit cocktail 

Ice cream 


LUNCHEON FOR AN ATHLETE (Boy) 


I 


Cream of celery soup 
Hash 

Cabbage (slaw) 

Fruit cocktail or banana 
Bread and butter 

Milk and gingerbread 


II 


Liver and bacon 

Spanish rice 

Cabbage (slaw ) 

Lettuce and egg sandwich 
Raisins and dates 

Malted milk 


LUNCHEON FOR AN ATHLETE (GIRL) 


I 
Tomato juice 
Roast-beef sandwich 
Spinach 
Apple-celery salad 
Cheese 
Milk 


II 
Macaroni and cheese 
Cabbage (slaw) 
Fruit cocktail 
Whole-wheat lettuce sandwich 
Ice cream 


Milk 


1 Comparable items in Menu I and Menu II may be transposed. 
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LUNCHEON FOR AN OvErRWEIGHT Boy 


I II 
Roast beef Liver 
Fresh carrots Creamed onions 
Spinach Whole-wheat bread and butter 
Plums Cabbage salad 
Milk Ice cream or orange 


LUNCHEON FOR AN OVERWEIGHT GIRL 


I II 
Cream of celery soup Ham-rye sandwich 
Fresh carrots Spinach 
Lettuce sandwich Grapefruit-celery salad 
Apple Milk 


LUNCHEON FOR AN UNDERWEIGHT Boy 


I II 
Cream of celery soup Spanish rice 
Beef sandwich Spinach and egg 
Mashed potatoes Peanut-butter sandwich 
Fruit cocktail Molasses-and-raisin cake 
Ice cream Ice cream 
Cookies Chocolate malted milk 


LUNCHEON FOR AN UNDERWEIGHT GIRL 


I II 
Liver and bacon Peanut-butter sandwich 
Spanish rice Creamed new potatoes 
Whole-wheat bread and butter Carrots 
Cabbage and nut salad Baked custard 
Ice cream Cheese 
Milk Malted milk 


The body’s method of regulating the food supply. — We 
should not think that the food eaten must be regulated with 
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the greatest precision. Some attention should be given to 
the selection of proper food, but one must avoid overempha- 
sizing the matter. Any reasonable excess will pass through 
the canal unabsorbed, without great injury to the body. The 
lack of any of the necessary elements may be tolerated for a 
time. Such lack is prevented, however, by knowledge of a 
proper diet. In this way one may prevent serious damage to 
teeth and other structures. One should not rely vpon nature 
entirely in this respect. If the laws of health in regard to fresh 
air, muscular exercise, sleep, cleanliness, temperature, and 
abstinence from the use of stimulants be observed, our appe- 
tites, guided in part by knowledge of proper food and express- 
ing body needs, will be a safe guide to follow for normally 
healthy youths and adults. 

It is an instructive and important fact that too much con- 
sciousness of what is eaten and too much dwelling on what 
might be the consequence of eating this food or that food, 
may interfere seriously with good digestion. If the sense of 
taste is not abused, but its promptings treated with great 
respect, we shall preserve a useful aid in choosing food. 

Food allergy. — It is common knowledge that certain 
foods disagree with certain persons. Strawberries, buckwheat 
cakes, and shellfish may produce a rash of the skin and gastro- 
“ntestinal disturbance. Many other foods, although with much 
less frequency, act similarly. When this reaction occurs it 1s 
an example of allergy and the person is said to be allergic to 
the food in question. 

The exact nature of allergy is not clear. Clinically the per- 
son is sensitive to a certain food but in what this sensitiveness 
consists is not known. Persons may be allergic to very desir- 
able and otherwise wholesome foods, such as milk, cheese, 
spinach, corn, and ham. When an allergy for a particular food 
exists, one must secure the necessary elements, vitamins, and 
minerals for the diet by selecting other foods. 
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FACTS TO REVIEW 


1. What is the source of energy? Is there any reason for 
believing that we receive energy in any other way than those named? 
What are the reasons for such belief? How do you explain your 
answers? 

2. Name some illustrations of carbohydrates, fats, and proteins. 
How do they differ? 

3. What is a Calorie? 

4, What are vitamins? Where do fish get their vitamin A? 
In what form does it exist in plants? 

5. List the three sources of vitamin A for man. Name examples 
of these sources as they occur in foods. 

6. What is the cause of beriberi? 

7. Why should whole-grain cereals and enriched bread be eaten 
daily? 

8. Is the ordinary diet likely to contain sufficient thiamine? If 
it is to be adequate, what dangers must be avoided? 

9. Name a very fine, although limited, source of riboflavin. 
Why is milk a more important source? | 

10. Discuss the importance of minerals in the diet. Does the 
ordinary diet supply sufficient minerals? 

11. What three dietary functions do milk and eggs serve? What 
is the unique function of protein in the diet? 

12. How much food shall one eat? How much of the different 
essentials shall the diet contain? 

13. How does the body regulate the food intake? 


14. What is food allergy? How can one who is allergic to 
desirable foods maintain health? 


QUESTIONS TO THINK ABOUT 


1. Does the ordinary diet contain sufficient calcium? Illustrate. 

2. Is there enough iron in the ordinary diet at all times? 
Explain. 

3. If growth and development of the body cease at about the 
age of twenty-five, what foods would be required in the diet after 
that time — those that yield energy or those that build tissue? 


4. Would it be essential to include in the diet for all ages foods 
that regulate bodily processes? Why? 
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5. If you were to go on a long sea voyage, what would be one 
of the foods that you would be sure to take along? Why? 

6. Do you live in the section of the country where the iodine 
content of drinking waters is low? Are you taking iodine in any 
form? Has there been any consideration of the matter by the school 
or health authorities ? 

7. What are some of the ways in which iodine may be admin- 
istered ? 

8. Assuming that we eat the same quantity, which yields more 
iron, raisins or oatmeal? In what other respects is oatmeal su- 
perior? 

9. Why should cole slaw be freshly prepared? Why should the 
water in which vegetables are cooked be used? 


INTERESTING THINGS TO DO 


1. Make a list of foods, arranged in several groups, indicating 
that one from each group should be eaten daily in order to secure 
adequate vitamins. 

2. Compare the taste of vegetables recently gathered with those 
that are several days old. 

3. Examine the label of the box of salt in your home. Does it 
state that it contains iodine? 
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CHAPTER XI 


THE DIGESTION OF FOOD 


What is digestion? 
What is an enzyme? 
The structure and functions of the alimentary canal 
The mouth 
The teeth 
The tonsils 
The pharynx 
The esophagus 
The stomach 
The small intestine 
The large intestine 
The liver 
Anatomy of the liver 
Circulation through the liver, or portal circulation 
Microscopic structure 
Functions of the liver 
The waste products from food elements 


What is digestion? — The digestion of food is a very com- 
plex matter. It may be simplified by comparing the process 
with the work done by stonecutters. If you have ever watched 
stonecutters, you have observed that they take rough masses 
of stone and cut them up into smaller units, each of which, 
when used in a building, fits exactly into the place for which 
it is planned. In similar fashion, digestion is a process of 
taking food masses and by a series of chemical changes 
separating them into units of special design to fit exactly into 
the needs of the body. The changes in digestion, however, 
are more complex than the chiseling of the stonecutter. 


For the stonecutter certain tools are essential. His chisels, 
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air-blast, and brushes are the means by which the work is 
accomplished. In digestion of food, certain tools are likewise 
essential. In the mouth there are physical and chemical 
changes to be wrought. The physical change is brought about 
by the grinding of the food into small particles by means of 
the teeth. The chemical changes are continued in the stomach 
and other parts of the alimentary canal. For this work, sub- 
stances known as the digestive juices are secreted by the 
glands along the way, and are poured out into the canal. They 
possess the power chemically to change the food because of 
the presence of substances called enzymes. 

What is an enzyme? — An enzyme is a substance, secreted 
by cells, that has the power to change the more complex to 
simpler chemical compounds. It is characteristic of enzymes 
that they do not enter into the chemical action. In this respect 
they are like catalysts, substances that start a chemical action 
but do not enter into the reaction. Moreover, the enzyme is 
specific in its action. The enzymes of the saliva act upon 
starch, but they have no effect upon protein. Each enzyme 
acts on a particular kind of food material; it is fitted to it ‘‘as 
a key to its lock.” 

From the foregoing considerations it appears that the proc- 
ess of digestion has two aspects. One is the physical aspect, 
in which the food materials are rendered more soluble in the 
fluids present. The other is a chemical one in which enzymes 
reduce the complex chemical compounds to simpler units for 
use in the body, either to yield energy or to build tissue. The 
ability of the alimentary canal to do this work is related to 
the structure and functions of the organs of the canal. 

The structure and functions of the alimentary canal. — 
When we swallow food or drink, we are accustomed to say 
that it is in the body, but anatomically and physiologically 
this is not correct. It is on the outside anatomically, because 
the mucous membrane is continuous with the skin, or external 
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covering (Fig. 151). It is on the outside physiologically 

because the food must pass through the mucous heb 
before it can be assimilated by the tissues. 

A lean person often eats a great deal, expecting to get fat, 

and finds that, although he has swallowed the food, the nour- 

ishment has never 

Simeon teally “entered” “his 


Mucous body. 
Membrone In the carnivora, or 
Lines the Jntestine 7 
iota Grocer flesh-eating animals, 


whose food contains 
but a small amount 


Fig. 151. Until food has passed through the of indigestible mat- 
mucous membrane of the alimentary canal it ' 
has not actually entered the body, as the ee ue alimentary 
mucous membrane is continuous with the canal is compara- 


ene tively short. When 
stretched out it is only three or four times the length of the 
body. In the herbivora, or grass-eating animals, the canal is 
thirty times the length of the body. In the hog, which is 
omnivorous (‘“‘all-eating’’), it is ten times the length of the 
body. If man’s trunk only is counted, the canal is twelve 
times as long; if his height is counted, the canal is six times 
as long. 

The alimentary canal has three coats in its walls throughout 
its whole length. What is the purpose of each? The innet 
coat, or lining, is a delicate epithelial tissue called the mucous 
membrane. It forms a smooth lining to prevent friction, and 
secretes a mucus, which serves the same purpose. The next 
coat is the sabmucous coat; it is of elastic connective tissue, and 
serves to toughen and strengthen the wall, and to bind the 
mucous coat to the muscular coat. Outside of this is the 


third coat, the muscle coat. It is composed of several layers of 


involuntary muscular tissue, which, by its contraction, causes 


the food to move along the canal Fig. 152). 
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In the walls of the alimentary canal are numerous blood 
vessels and lymphatics. Opening on its inner surface are 
mouths of ducts from the various glands of the digestive 
system (Fig. 152). Some of the glands are of considerable 
size and lie outside of the canal; others are very minute and 
are embedded in the 
walls of the canal; 
their secretions ren- 
der the food soluble. 

The mouth. —'The 
food is held in the 
mouth for a short fi 
time while it is mixed Bladder”) 
with the watery alka- aver--- 
line fluid called the (aeteinsjor VAY 
saliva, and is ground 
up by the teeth. The 
partition between the ae ae 
nose and the mouth 
is formed by the Vermiform 
palate bones, covered 
with mucous mem- 
brane. The larger 
part of the roof of Fig. 152. Food undergoes chemical changes 
the mouth is formed in the digestive system (alimentary canal), 
_by these bones and is called the hard palate. The roof is 
completed in the rear by the fleshy soft palate. The floor of 
the mouth is occupied mostly by the tongue, the lips form 
the front wall, and the cheeks the side walls. The cheek is 
composed partly of a large flat muscle called the buccinator 
(trumpeter, because used in blowing a trumpet). The con- 
traction of the trumpeter muscles, together w 
ments of that flat muscle called the tongue, k 
between the teeth in the act of chewing, 






cag oases Stomach 


------Fancreas 


Co/on, or 


intestine 


ith the move- 
eeps the food 


Of masStication. 
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Salivary glands. — There are three pairs of glands that 
secrete saliva. In structure one of these glands with its duct 
resembles a minute bunch of grapes with a hollow stem. The 
largest, called the parotid, is just beneath the skin in front of 
the ear. Its duct opens into the mouth in the upper jaw 
opposite the second molar tooth. This gland swells in the 
disease called the mumps. The next largest gland is the sub- 
maxillary, lying within the angle of the lower jaw. Its duct 
opens into the floor of the mouth. The smallest, the sublingual, 
lies farther to the front; both glands of the pair lie beneath 
the tongue, and open by a number of ducts. The fluid pro- 
duced by these glands and mixed with the mucus from the 
mucous membrane of the mouth, is called the saliva. 





A 

Fig. 153. Notice the effect of rest and activity on cells of the salivary 

gland. A, after rest; B, after a short period of activity; C, after a prolonged 
period of activity. Shriveling and loss of granules occur. 


Saliva. — Saliva is a thin, colorless, alkaline liquid, slightly 
sticky, and often containing air bubbles. The digestive en- 
zyme of the saliva is ptyalin, which has the power to change 
cooked starch to malt sugar. Maltase, which is also present, 
changes the malt sugar to dextrose. From one to three pints 
of saliva are produced daily (Fig. 153). Its flow is excited by 
the act of chewing and by anything held in the mouth, espe- 


cially if it be of an agreeable taste or odor. Hunger, or the 


sight or thought of agreeable food, makes the “mouth vale 


by stimulating the cells in the glands to activity by means 0: 
the nerves. But by far the most powerful of all the excitants 
to the salivary flow is dryness of the food. Only one fourth 


THE DIGESTION OF FOOD 213 


as much saliva is secreted in the same length of time when 
eating oatmeal and milk as when eating crackers or dry oe 
The teeth. — The teeth are developed from the same kin 
of tissue that produces mucous membrane, glands, and skin. 
Like the hair and nails, the teeth arise from papillz that are 
connected with the epidermis. Thus a tooth grows from 
epithelial cells and gradually pushes its way upward through 
the mucous membrane. The root of the tooth fits into a hole 
in the jawbone, called the socket of the tooth. The visible 
part of the tooth 
above the gum is — 
called the crown. | 
Permanent teeth. 
=i. complete. set 


of teeth in adults con- 
re Sees pce a eee ae 
each jaw or thirty- g 3 molars. 
two in all. They are 
named according to their form and the uses to which they 
are adapted. There are eight (Fig. 154) in each quarter of 
the mouth; and if the names of the eight in one quarter are 
learned, you know the names of the thirty-two, since they 
are designated by the same names, in the same order in each 
quarter of the mouth. Looking then at the teeth in one half 
of one jaw and naming them in order from front to back, 
there are two incisors, one cuspid, two bicuspids, and three 
molars. How many of each kind are found in the whole mouth 
(Fig. 155)? 

The eight teeth in front are for the cutting of the food, and 
hence are called incisors, or cutters. They have chisel-like 
edges. Do the edges of the upper and lower teeth usually 


meet in the mouth, or do they miss each other like the blades 
of scissors? The incisors are ver 


such as rats and squirrels. 


d 








y long in gnawing animals 
Next to the two incisors in each 
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quarter of the jaws, comes one cuspid, so called because of 
the pointed character of the tooth. It has one root, but this 
is very long. The two upper cuspids are erroneously called 
the “eye teeth,” and the two lower ones, ‘‘stomach teeth.” 
The other teeth bear the same relation to the eye and stomach 
and disturbances of these teeth are not more likely to affect 
the eye and stomach than is the case in the other teeth. Next 
in order behind the cuspids are the bicuspids. They have two 


U; per Permanent Zeer, 







Upper 





Temporary Teeth 


ee, 


Fig. 155. This diagram of the temporary and permanent teeth shows the 
parts outside the gum line. 


points on a flat surface which assist in grinding. These usually 
have single roots. Behind the bicuspids are the molars, which 
show large surfaces for grinding food. The molars are further 
characterized by many roots; some by two, and others by three. 
The third molar is known as the wisdom tooth, a name derived 
from the period of its eruption, usually about the eighteenth 
year. 

Temporary teeth. — The first teeth, which are only tem- 
porary, last for a variable time. During the first two years of 
life, the temporary teeth gradually erupt, the first ones at about 
the age of six months, and remain as the first set until the 
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beginning of their replacement at the sixth or seventh year. 
Six years later this replacement is complete. | 

The temporary teeth are twenty in number, ten in each jaw. 
In this set there are only two molars and the bicuspids are 
lacking (Fig. 155). 

At the sixth year, or thereabout, the first permanent molar 
erupts. As it comes in behind the last temporary molar, it is 
often mistaken for a temporary tooth. 
Inasmuch as this molar is considered 
to be the keystone of the arch of the 
teeth, it should never be allowed to 
decay. This is sometimes permitted, 
due to the notion that it is only a 
temporary tooth. A temporary tooth 
should be removed if it remains so 
long that it causes the tooth of the 
second set to grow out of place. If 
the temporary tooth decays, it should 
be filled, and ‘f the filling comes out 
the dentist should replace it. The tem- 
porary teeth are an important stimu- 
lant for the proper development of the a 
permanent teeth, the jaws, and the rites ues 


bones of the face; and proper care matic long section through 


; a typical cuspid tooth 
should be given them. shows: E, enamel; D, den- 


Parts of a tooth. — The main part of tin; eRe P, pulp cavity 

: : , i in which are capillaries 

the body of a tooth is dentin (Fig. 156). and nerve-endings; J, jaw- 
The dentin of the teeth of elephants and bone; C, cementum. 


other large animals is the ivory of commerce. It is commonly 
used to make piano keys, fans, and many novelties. In the 
central part of the dentin is a space called the pulp cavity. The 
soft substance, called the pulp, contains the nerves and blood 
vessels, which enter at the tip of the root. In the socket, the 
dentin is covered by cementum; above the socket it is covered 





es 
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by enamel, a substance harder, denser, and more shining than 
the dentin. 

We should never run the risk of breaking the enamel by 
crushing hard candies with the teeth. A tooth should never 
be pulled if it can be saved without risk to the person’s health; 
for pulling a tooth means not only loss of one tooth, but also 
partial loss of the usefulness of the tooth opposite to it. This 





Fig. 157. The X-ray picture on the left shows fillings in three teeth; the 
picture on the right shows fillings in the root canals of the first molar and 
extensive inlays in the first and second molars. The filling of root canals is 
necessary to save a tooth in which the nerve is destroyed. 


loss is only partial because opposing teeth slightly overlap, 
so that one tooth will oppose parts of two teeth. 

Teeth should be properly filled. Modern methods in den- 
tistry require the use of the X-ray to determine whether the 
work has been done properly. If it is necessary to kill the 
nerve of the tooth, then the root canals must be filled and 
the X-ray is essential for determining whether this has been 
done completely or not (Fig. 157). | 

Tooth defects and disturbances. — Several kinds of disturb- 
ances occur in the teeth and their associated parts. They an 
be classified into four groups: (1) Malocclusion, (2) caries, 
(3) periapical abscess, and (4) periodontal infection. ee 

Malocclusion. —'This condition 1s a faulty position of the 
teeth in the jaws so that the “bite’’ is impaired. Se ake 
can be corrected in childhood; an orthodontist by means 0 
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wires, rubber bands, and various attachments can make room 
for teeth that are crowded and bring teeth together when 
widely spaced. This correction takes several months and is 
quite expensive, but the improved appearance and the correc- 
tion of the defective bite are greatly to be desired. 

Caries. — Caries, or decay of the teeth, is a very common 
defect. Various studies have shown that very few children 
escape dental decay in one or more teeth. In examinations 
of university freshmen fewer than one per cent are found to 
have perfect teeth and some freshmen enter college with dental 
cavities that have been untreated. 

The cause of dental decay appears to be the Bacsllus aci- 
dophilus, which acts upon carbohydrates to produce lactic 
acid. The lactic acid acts upon the calcium of the tooth and 
causes decay. But a number of conditions favor the action 
of the acid. Teeth that retain food particles or that are 
difficult to cleanse, a lack of fluorine in drinking water, and 
the consumption of sweets are the most important conditions. 
Studies at the University of Michigan show that caries can be 
controlled by restricting carbohydrates in the diet; the eating 
of candy is therefore a factor in the production of dental 
decay. In some way, as yet unknown, the presence of fluorine 
in the water prevents the development of caries. Reliance 
should not be placed upon only one of these factors. All are 
important — keeping the teeth clean, restriction of carbo- 
hydrates, and fluorine in the drinking water in a concentration 
of from 0.6 to 2.6 parts of fluorine to a million parts of water. 

In addition, the diet is important, and liberal quantities of 
calcium, phosphorus, and vitamin D should be included. 
Moreover, it is important to learn to eat foods without adding 
extra sugar, and it is best to end a meal without a sweet dessert. 

Finally, when caries develop, the defect should be repaired 
at once by the family dentist. If decay is neglected, the tooth 
may be destroyed and other serious conditions may develop. 
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Periapical abscess. — Examination of Figure 156 will show 
the pulp cavity extending down into the root of the tooth. 
In this cavity are the nerves and blood vessels of the tooth 
which enter at the root tip. When the pulp in the tooth is de- 
stroyed the tooth is no longer vital. Among those receiving den- 
tal care from 60 to 90 per cent have one or more pulpless teeth. 

It is not unusual for an infection to develop in non-vital 
teeth at the tip of the root. This is called a periapical infec- 
tion. This infection is important not only because it may 
cause a local abscess but also because it may be a focus of 
infection that is carried to other parts of the body. Pulpless 
teeth can be prevented by immediate care of decay so that 
extension to the pulp cavity is prevented. 

Periodontal infection. — The popular name for periodontal 
infection is pyorrhea. In this condition the gums are retracted, 
become swollen and inflamed, due, usually, to an accumula- 
tion of tartar beneath the gum line. Some periodontal infec- 
tions are very communicable; others are less so. Some cases 
of pyorrhea occur in persons who clean their teeth and take 
proper care of the mouth. The cause in such cases is not 
clearly known, but in the majority of cases, pyorrhea is due 
to the fact that the care of the teeth is at fault. If the teeth are 
cleaned twice a day, and if they are examined and cleaned every 
six months by a dentist, the occurrence of pyorrhea will be 
less likely. If the tartar is allowed to collect, the changes in 
the gums are soon followed by absorption of bone so that the 
teeth become loose in their sockets (Fig. 158). The use of 
alcohol and tobacco renders the mouth more susceptible to 
these conditions. There is a notion that a certain proportion 
of people have pyorrhea, or will fall victims to it. This idea is 
erroneous, however, for it assumes that people will continue 
to fail to practice what they know. With proper personal care 
of the teeth and proper attention by a dentist, there would be 


very little pyorrhea. 


~~ 
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How nature protects the teeth. — All the cavities of the 
body are protected in part by the secretions that bathe them. 


The secretions of the’ 
mouth have a protec- 
tive function for the 
teeth, and as long as 
they remain normal 
in quantity and in 
quality, the decom- 
position of small par- 
ticles of food in the 





Fig. 158. If the teeth are brushed properly 
twice a day, tartar will not accumulate. In this 
mouth will not read- picture much of the bone about the lower front 


teeth was destroyed by deposits of tartar which 
were not removed regularly. 


ily decay the teeth. 
Nevertheless, teeth 
should be cleaned directly after each meal to do what the 
saliva, the muscles, and the tongue should do, but cannot 
always do. Sticky foods, incorrect relations of the teeth, and 
malformations of the jaws make it necessary to assist nature. 

Hygiene of the teeth. — Good teeth are dependent upon a 
number of things. One should not have the impression that 
cleaning the teeth will prevent decay. Many persons who 
clean their teeth regularly and properly still suffer from dental 
decay. The quality of tooth material is dependent upon hered- 
ity in part, for some persons have more resistant teeth than 
do others. It is directly related also to diet, particularly the 
diet of the mother before the child is born and the diet of the 
child after birth, especially during the first twelve years of 
life when it is essential to restrict sugar. Even after twelve, it 
is important to include in the diet foods that supply sufficient 
calcium and the other minerals (see page 195). 

The following gives in summary the important points in 
caring for the teeth: (1) Include in the diet some foods that 
require chewing so that the development of the teeth will be 
maintained and the tooth surfaces polished. Some of these 


220 HEALTHFUL LIVING 





Fig. 159. These are casts of the upper jaws of two children twelve years 
old. The left one shows typical narrowing of the arch, overlapping of the 
teeth, and elevation of the palate due to adenoids. The right one is that of 
the jaw of a healthy, well-built child. (Drawn from a photograph taken by 
Dr. Frank Mathews. ) 


foods are: toast, apples, beets, celery, etc. (2) Include in the 
diet foods containing sufficient calcium and restrict sugar. 
(3) Keep the mouth clean by brushing after each meal. It is 
better to brush immediately after the evening meal than to wait 
until retiring. Brushing on rising in the morning may be of 
‘some advantage to the teeth. (4) Secure proper dental care 
to prevent decay that results from defective secretions or food 
retention between the teeth. (5) If cavities develop, have 
them properly cared for at once. There should be a dental ex- 
amination every six months. (6) In brushing the teeth, clean 
all surfaces. This requires several minutes. Washing the 
mouth out afterwards with salt water is a desirable thing to do. 
A teaspoonful of salt to a quart of water is the proper propor- 
tion. 

In cleaning the teeth, the toothbrush should be placed on 
the teeth at the gum line and by a vibratory motion worked 
between the teeth. This tends to remove food particles between 
the teeth and to stimulate the gums. Most tooth powders are 
made from chalk as a base; and fine precipitated chalk is con- 
sidered perfectly satisfactory for cleaning the teeth. 
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Adenoids should not be allowed to deform the jaw and so 
ptoduce crooked teeth (Fig. 159). It may be necessary to 
have adenoids and tonsils removed. 

The tonsils. — The tonsils (Fig. 160) are large lymph glands. 
They are oval in shape but vary greatly in size in different 
people. They become infected frequently and may cause in 
this way cases of heart disease and rheumatism. Many people 
who suffer from rheumatism could be cured by proper treat- 
ment of infection existing in the tonsils or teeth. The tonsils 
can be removed entirely without injury to the health; and if 
they are diseased, removal of them will improve the health. 

The use of tobacco is a common cause of irritation in the 
throat. The throat becomes dry and the membranes do not 
have their normal secretion. This condition is so well estab- 
lished in medicine that physicians refer to the condition as 
smoker's sore throat. This can be cured only after smoking 
has been discontinued. The smoke is partly responsible, 
although it is not as injurious as the irritants of the tobacco. 

Absorption from 
the mouth. — The 
passage of digested 
food into the blood 
vessels is an impor- 
tant sequel of the di- 
gestive process. A 
little of the water 
containing sugar and 
saltsis absorbed from 
the mouth directly in- 
to the blood vessels. 
Boys who take their 
first chew of tobacco 


learn in a disagree- Fig. 160. When the jaws are open and the 


tongue depressed, the mouth 
able way that the (Modified are. Gaeeae get 
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entire body may be affected by absorption from the mouth. 
The absorption of food in the mouth, however, is insignifi- 
cant in amount compared to the absorption that takes place 
in the small intestine. 

The pharynx. — A muscular bag, four and a half inches in 
length, opening from the nose and mouth, lies against the 
spinal column. It is commonly called the throat. There is an 
air passage from nose to lungs and a food passage from 
mouth to stomach. They cross each other, and the intersec- 
tion is called the pharynx. There are seven openings from 
the pharynx: one to the mouth, one below the mouth into the 
trachea, one behind the trachea, into the esophagus, and two 
pairs of openings in the upper pharynx; one of these pairs is 
to the nasal passages, and the other pair is into the Eustachian 
tubes, which lead to the ears. When swallowing, all of the 
openings close but the one to the mouth and the one to the 
esophagus. 

The upper part of the pharynx, and thus the openings to 
the nose and ears, can be closed by raising the tip of the soft 
palate, or uvula, against the back wall of the pharynx (Fig. 161). 
Sudden laughter or coughing while swallowing may cause the 
soft palate to relax, with the result that a portion of the food 
or drink is sometimes forced into the nose. The opening to 
the trachea can be closed in two ways: by the vocal cords con- 
tracting and approaching one another; or by the drawing up- 
ward of the Jarynx to the epiglottis. The opening from the 
mouth, called the faces, can be closed by the contraction of 
upright muscles, the pillars of the fauces, which connect the 
posterior part of the soft palate and the base of the tongue. 
These muscles come together in the middle like sliding doors. 
There are two of them on each side, and the tonsils lie between 
them (Fig. 160). The tip of the soft palate hangs down be- 
tween the pillars, and is called the uvula. By looking into a 
mirror with the mouth very wide open and the tongue flattened, 
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you can see the palates, the 
pillars, the uvula, and per- 
haps the tonsils. 

The esophagus. — The 
esophagus, which conducts 
the food to the stomach 
(Figs. 161, 162), opens 
from the lower part of the 
pharynx. It is about nine 
inches long, and lies in 
front of the spinal column 
and behind the trachea. It 
has the three layers found 
elsewhere in the alimentary 





canal, and its walls are soft 


From Williams, “ Textbook of Anatomy and Physiology” 


and lie collapsed when no Fig. 161. On this vertical section of 


food or drink is passing. the mouth, pharynx, and larynx, A indi- 
‘ cates the vestibule; B, cavity of mouth 
The food is under reflex proper; C, tongue; D, hard palate; E, soft 


control after passing the gate wml macle of he ongve 
fauces, for the contraction Eustachian tube. (After Deaver. ) 

of the pharynx presses it 

down into the esophagus. A ring of the muscular tube con- 
tracts just above the morsel, and the movement runs down 
to the stomach, forcing the food before it as if a tight ring 
were slipped down over the esophagus. A contraction of any 
part of the alimentary canal in this manner —as if a wave 
were traveling along — is called a peristalsis. While a horse is 
drinking, the peristaltic waves of the esophagus may be 
plainly seen along the neck. 

The stomach. — The esophagus pierces the diaphragm to the 
left of the center and enlarges into a pouch called the stomach. 
This organ lies just under the diaphragm, mostly on the left 
side of the abdomen and half covered by the lower ribs. I 


t 
1s capable of holding about two quarts. When full, it is abo 


ut 
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a foot long and five 
inches broad. Its 
shape is not easily 
described (Fig. 162). 
leswietcy endiuss the 
larger, and its outline 
is curved inward 
above and outward 
below. When empty, 
it flattens and its 
walls touch, and the 
mucous lining then 


Duodenum 7 ‘ ‘ ; 
From Peabody and Hunt, “ Biology and Human Welfare” lies ue deep wrinkles 
ne Fig. 162. The stomach, duodenum, and gall or folds. The open- 
ladder are here laid open. When digestionis jing wh 
; where the esopha- 
completed, the bile from the liver backs up 8 rg 
into the gall bladder. 





gusends, andthrough 
which the food enters, 
is called the cardia, because it is near the heart. The opening 
where the intestines begin, and through which the food leaves, 
is called the pylorus (gatekeeper); both openings can be closed 
by circular muscles in their walls. 

Movements of the stomach. — Anything taken into the 
stomach causes peristalsis. The food is churned from the 
esophagus to the left of the cardiac orifice, then down to the 
right and back again, the circuit from left to right, then from 
right to left, taking from one to three minutes according to 
the activity of the peristalsis. The muscular fibers in the walls 
of the stomach are in three layers (Fig. 163); one layer runs 
lengthwise, another circular, and the third obliquely, so that 
the varied contractions cause the food to become thoroughly 
mixed with the digestive juice. 

Secretion of the stomach. — The secret 
is called gastric juice. This is a yellowish fluid and consists of 
water having in solution hydrochloric acid and two enzymes. 


ion of the stomach 
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to change the com- jyyiuk 
position of large : 
quantities of food. 
In times of rest, 
when there is no food 
present, the mucous 
membrane of the 
stomach is of a pale 
red color. But when f 


is i i hrough the wall of the 
ntroduced Fig. 163. A section t 

food is i ” stomach reveals: a, surface of the mucous mem- 

a change at once brane, showing the openings of the gastric 

glands; b, mucous membrane, composed al- 

takes place. The most entirely of glands; c, submucous, or 

membrane becomes areolar, tissue; d, circular and oblique muscular 


charged with blood fibers; e, longitudinal muscular fibers; f, peri- 
toneal coat. 









































and turns to a deep 
red color. Gastric juice, secreted by many small glands (Fig. 
164), appears on the walls and peristaltic action begins. 

One enzyme of the gastric juice, called rennin, acts upon 
the protein part of milk causing coagulation similar to the 
coagulation of blood. It is especially abundant in childhood. 
The other enzyme, called pepsin, softens the protein part of 
food and reduces it to peptone, in which form it is soluble in 
water. Pepsin, however, can act only when the hydrochloric 
acid has accumulated to an amount sufficient to neutralize the 
alkaline condition caused by the saliva. This usually requires 
about thirty or forty minutes. The hydrochloric acid prevents 
fermentation of the food and kills germs that enter the 
stomach. 

The saliva continues its work even in the stomach until 
neutralized by the acid. The Pepsin then begins to act. The 
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% 
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outside of the food particles 
is acted upon first, and this 
digested part is then rubbed 










PEG 

ax 

| | a FS] rs = off by the peristaltic move- 
\ WEI fs Ea ments, and the next layer is 
Wala, gic acted upon. Its action is 
| rey Te Be S \ confined to protein. In fat 
We e ee ‘s meat the albuminous walls 
Ve iS .) 4 of the cells are eaten away 

ov ESI) S et and the fat is set free but 
| 2] BN not digested. Starch may 
| es also be set free from albu- 
1) Hh od minous envelopes. The food 
(2 A EQ is thus reduced to a semi- 


q 


AN fluid condition called chyme. 
<ZE<S Se = After the food has been 
Fig. 164. Glands that secrete gas- reduced to chyme, the py- 
tric juice open into the stomach. In ; 
the three glands pictured above, e lorus opens every minute of 


represents epithelium at inner surface two permittin ga little of 
of stomach; m, mouth of gland; p, : , 
principal cells of gland; ov, ovoid the chyme to escape into the 


cells; c, connective tissue below and jntestine. But if some hard 
between glands. 
object, as a button or a lump 
of raw starch from an unripe apple insufficiently masticated, en- 
ters the stomach, the pylorus, after a while, will become fatigued 
and will relax and allow it to pass without becoming semifluid. 
Action of the acid chyme. — As the acid chyme passes into 
the duodenum (part of the intestine joining the stomach), it 
causes an important chemical action. When the acid chyme 
comes in contact with the mucous membrane of the intestinal 
wall, some of it is absorbed, and this, acting on prosecretin 
in the intestinal cells, causes the formation of a hormone, 
secretin. The secretin passes into the blood and, coming to 
the liver, pancreas, and cells of the intestinal walls, causes 
these organs to pour out their digestive juices. For many 


i 
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years it was not understood what caused the pancreas and 
liver to give up their digestive juices, because the food did 
not come in direct contact with their cells. According to this 
theory, it is the secretin which stimulates these organs to give 
up their juices for digestive purposes. The secretin causes the 
flow of pancreatic juice, bile, and intestinal guice. 

Absorption from the stomach. — A slight absorption may 
take place in the stomach of a portion of the protein digested 
there. Some of the sugar resulting from the salivary digestion 
of starch by the saliva may also be absorbed. Nearly all the 
absorption of the food takes place in the small intestine, and 
it is there, also, that most of the digestion occurs; for, upon 
leaving the stomach, the greater part of the protein, carbohy- 
drates, and all the fats and oils remain to be acted upon. 

The stomach as a storehouse. — It is a common notion that 
digestion is carried on chiefly in the stomach. Some physi- 
ologists give tables stating the time requirement for digestion; 
what is meant is that it requires a certain length of time for 
these foods to leave the stomach, the digestion being far from 
complete. Investigation in the last few years shows that the 
stomach is a kind of storeroom or antechamber in which food 
is stored, softened and kept free from germs and gradually 
delivered to the intestine. 

Of the thirty or more feet of the alimentary canal, the food, 
upon leaving the stomach, has traversed about two feet. Of 
the fourteen hours required for digestion, about three or four 
have passed. A portion of the starch and protein has been 
digested and a small amount of each absorbed by the blood 
vessels. The fats have not yet been acted upon. 

It is essential that the part performed by each organ should 
be well performed, for this determines whether the changes 
in the food in the next organ shall be easi 
accomplished. If the food is thoroughly 
mouth and the saliva well mixed with it, 


ly and completely 
Masticated in the 
this alkaline con- 
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dition excites the flow of the acid gastric juice, which other- 
wise would be scanty. If the gastric juice is strong and acts 
freely upon the food, the acidity of the food as it leaves the 
stomach and enters the small intestine excites the flow of the 
alkaline intestinal juices. 

The small intestine. — When the chyme passes the pylorus, 
it enters the small intestine, which is a tube about as large 
around as the thumb, 
and about twenty- 
two feet long, lying 
coiled in the central 
part of the abdominal 
cavity. The first part 
of it, about ten inches 
in length, 1s called 
the duodenum (from 
a word meaning 
twelve, because its 
length is twelve fin- 
gers’ breadth). The 


Fig. 165. The diagram indicates the structure mucous and submu- 
of the intestinal tube. 










Cross Section ia 
of intestine hi” 


Surface of 
the inside 
of the tube 


Glands of __—“"Skert 
the intestine GHEE NG 


cous coats of the 
small intestine are wrinkled by numerous folds which are 
crescent-shaped, since no single fold goes entirely around the 
tube (Fig. 165). The folds are so numerous that they occupy 
almost the entire inner surface. The small intestine is the 
chief organ of absorption as well as of digestion, and the 
absorbing surface is greatly increased by the folds. On and 
between the wrinkles are innumerable tiny projections called 
villi (Fig. 168). Each villus contains a loop of blood vessel 
and a very small lymphatic called a Jacteal. Since the villi 
are so thickly placed as to cover the entire mucous coat 
of the intestine, the absorbing surface is enormously in- 


creased. 
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The muscular coat of the intestine is responsible for peri- 
stalsis (Fig. 166), which breaks up the food masses, reas- 
sembles them, and moves the contents of the tube toward the 
colon. | | 

The support of the intestine. — The abdominal cavity, or 
the portion of the large cavity of the trunk below the dia- 





>| OD@OD@D®A 


From Cannon, “ Bodily Changes in Pain, Hunger, Fear, and Rage” 


Fig. 166. The contraction and expansion of the food tube helps the proc- 
ess of digestion. A, the tube as it contracts at regular intervals; B, the con- 
tents of the tube after the first contraction; C, after the second contraction; 
D, after the third contraction. The line through the middle of the oval piece 
shows where each was divided by the tube as it tightened just there. The 
arrows show how the new halves were alternately forced apart and then 
driven together again by the repeated contractions of the tube itself. 


phragm, has, like the thoracic cavity, a lining to prevent fric- 
tion. This membranous lining*is called the peritoneum, and, 
like the pleura (membrane enclosing the lungs), it is double. 
It covers up the wall of the cavity all around, lining it like a 
thin sheet, until it reaches the place under the diaphragm 
where the esophagus and larger blood vessels (aorta and vena 
cava) enter. Here it is reflected and courses downward, en- 
veloping the stomach and other digestive organs. It pene- 
trates between them by means of foldings and turnin 


gs, thus 
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assisting to hold them in place. The largest fold of all is 
called the great omentum and covers the small intestine. The 
peritoneum surrounding the intestines is called the mesentery 
It is fan-shaped and its contracted part is attached to the spinal 
column for a firm support. The alimentary canal, beginning 
with the stomach, may be said, therefore, to have a fourth 
layer, or covering, 
the peritoneum. 

The support of 
the mesentery is de- 
pendent upon, and 
is assisted by, the 
abdominal muscles 
in front. People who 
stand with a relaxed, 
protruding abdomi- 
nal wall lack the 
support which they 
should receive from 
the abdominal mus- 





Fig. 167. Improper posture favors viscerop- ; 
tosis; the mesentery is stretched, and the circu- cles. There is a con- 


lation to the loop of intestine is lessened. . 
sequent falling down 


of these organs. Sucha condition is known by the name viscerop- 
tosis (dropping of the viscera). Constipation is a frequent ac- 
companying condition, due to interference with the circulation 
in the intestines. It is very important, therefore, to stand and 
walk with the abdominal wall held in (Fig. 167) and to exer- 
cise these muscles by participating in sports, games, and 
athletics. Dancing is excellent for exercising these muscles. 

The digestive fluids. — The digestive fluids that enter the 
small intestines are the pancreatic juice from the pancreas, the 
intestinal juice from the small intestinal glands (Fig. 152), and 
the bile from the liver. At present we will study two of the 
three juices that enter the small intestine. 


— 
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a. The pancreatic juice. — The pancreas, or sweetbread, is 
flat, narrow, and about six inches long. It lies behind the 
stomach, and tapers towards the left, ending above the left 
kidney. Its shape has been compared to a dog’s tongue. I 
bends downward at its broader end, where its duct leaves it 
and joins the bile duct just before emptying into the duode- 
num. Its internal structure resembles the salivary gland. The 
amount of digestion accomplished in the small intestine ex- 
ceeds that in any other division of the canal, and the pancreas 
is the most active and powerful of all the glands. Its secre- 
tion, the pancreatic juice, is alkaline and contains three en- 
zymes, one of which (amylopsin) is hardly to be distinguished 
from the ptyalin of the saliva, and continues the digestion of 
the starchy food; another (¢rypsinogen) joins with the enteroki- 
nase from the duodenal cells, and forms trypsin. Trypsin has 
an action similar to pepsin, but carries the digestion of pro- 
tein nearer the final stage; while the third (steapsin) begins the 
digestion of an important class of foods, the fats, which have 
not heretofore’ come in contact with a digestive fluid that 
could act upon anything more than the protein envelopes of 
the fat cells. 

The final stage of protein digestion produces amino-acids. 

Two definite changes occur in the digestion of fat. At an 
early stage a physical change occurs and the fat is broken up 
into minute globules. This favors the second stage, but in 
itself is not a digestive act, because it is only in a state of fine 
division and no chemical change has occurred. Such globules, 
floating in a liquid, form what is called an emulsion. Milk, 
for example, is an emulsion of cream. It is the cream in sweet 
milk that gives it the white appearance, for the globules of 
fat reflect the light. When it 1s chy 
touch and adhere, forming butter. The chemical change is a 
splitting of the fat molecule by the action of the enzyme, 
steapsin, producing fatty acids and glycerin. These chemical 


ted these minute particles 
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substances are absorbed by the intestinal walls and passed 
into the lacteals and, later, into the blood stream. 

b. The intestinal juice. — Besides the two large glands, the 
pancreas and liver, there are a great number of very small 
glands (Fig. 152) which furnish a digestive fluid to the in- 
testine. The intes- 
tinal glands are scat- 
tered throughout the 
lining membrane, and 
their secretionis called 
the intestinal juice. 







Lpith elium 


This juice contains: 

(1) Enterokinase, 
which activates the 
trypsinogen from the 
pancreas, forming 
trypsin. 

(2) Erepsin, which 
splits peptones re- 
ceived from the gas- 


tric digestion. 


Fig. 168. On and between the wrinkles of . . 
the intestine are innumerable tiny projections, G) Maltase, Oe 7 
called ‘‘villi.” A, diagram of a villus; B, en- /dSe, and /actase, which 


larged section showing minute structure. ae : : 
E . split disaccharides in- 


Y amr iv 
Capillary 


B 





A 


to monosaccharides as described under the paragraphs on 
enzymes (page 209). These three enzymes are often called 
inverting enzymes. 

Absorption from the small intestine. — The fats are ab- 
sorbed by the lymphatic system. Many minute lymphatics 
called Jacteals (Fig. 168) are found in the villi of the intestines, 
and the epithelial cells of the mucous lining take up the fat 
and transmit it, slightly changed, to these lacteals, which 
unite one to another and empty into the thoracic duct. The 
thoracic duct empties into the subclavian veins under the left 
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clavicle (shoulder bone). These veins comé from the arms 
and are on their way to the heart. The fats thus pass into the 
blood stream. 

The sugars and proteins are carried by the portal circulation 
to the liver. In this organ the sugars are changed to g/ycogen 
and stored until needed by the muscles. The protein which 
serves to build new tissue is similarly carried. In two different 
ways, therefore, do the digested food elements reach the main 
circulation. This provision resembles in a way the means of 
travel for people. Some go by one route and others by another. 
Some may go from New York to Boston by rail, some may fly, 
and others may take the boat. The result of the journey is the 
same — they reach Boston. The mineral matter is taken into 
the blood through the intestinal loops and apparently in the 
same way that we account for the passage of the digested 
protein and carbohydrates. This passage of these elements 
through an animal membrane at one time was explained ac- 
cording to the law of osmosis,' but it is now believed to be ac- 
complished by a specific secretory power of the intestinal cells. 
In other words, because the intestinal cells are intestinal cells, 
they are able to do this. They differ in this respect from epi- 
thelial cells in other parts of the body. 

The large intestine (or colon). — The large intestine is about 
five feet long. Its walls are drawn into pouches, or puckers, 
by bands of muscles running lengthwise along it. The small 
intestine joins it in the lower part of the abdomen on the right 
side (Fig. 169). The junction is not at the end of the large 
intestine but above the end. The part below the junction is 
called the caecum. 


Attached to the caecum is a small tube called the vermiform 


1 Osmosis. — ‘‘Whenever two solutions of di 
by a membrane which is permeable to water, there will be a flow of water through 
the membrane in the direction of the greater concentration.” This means that 


the solution that has the Breatest concentration of substances in it will exert a 
greater force on the weaker solution. 


fferent concentrations are separated 
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appendix (wormlike appendage), a part of the intestine which 
has degenerated in man because of nonuse. Today it serves no 
purpose. Constipation, causing a clogging and congestion of 
the appendix, may favor infection. When this organ becomes 
inflamed, the condition is called appendicitis. Infection else- 
where in the body may be a cause. Appendicitis may prove 
fatal if removal of the 
diseased appendix is 
delayed too long. 
Above the juncture 
Poe or the large intestine 1s 
Smalintestine called the colon. The 
ascending colon runs 
x up the right side nearly 
Wi)” Yuesmme to the waist, from 
| which point it is 
ite nana called the transverse 
= “~~ colon. It crosses just 
~~ inn’ Annan in front of the lower 
Fig. 169. The opening between the small line of the stomach, 


and the large intestine is called the “jleocecal and then retreats to 
valve.” The appendix opens into the caecum 
the rear wall and passes 


below the valve. 
downward, being now 


called the descending colon. Near the left hip it makes a 
double bend called the sigmoid flexure (from sigma, the Greek 
letter S). The nine inches remaining are without the pouched 
appearance, the walls being smooth; this part is without 
bends, and is therefore called the rectum (from Latin rectus, 
straight). The tube terminates in the anal canal, about two 
inches in length. 
Absorption in the large intestine is very active and its con- 
tents soon lose their fluidity. Although it is mostly the watery 
portion that is absorbed, any digested food that may have 
escaped absorption in the small intestine is absorbed by the 


Co/on 
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colon. How saving and economical the body is! All the un- 
digested and indigestible food gathers in the sigmoid flexure, 
and descends at intervals into the rectum. 

The liver. — The liver is a large, heavy organ situated on 
the right side of the body in the abdominal cavity and lying 
just under the diaphragm. 

With each inspiration the liver is pushed downward and 
compressed by the diaphragm, the blood being forced out 
towards the heart. It fills again as soon as the breathing 
muscles relax. This rhythmic compression is of great impor- 
tance in keeping the blood supply to the liver fresh and pure, 
and preventing congestion in it. By tight clothing the liver 
is often forced downward, out from the cover of the ribs, and 
becomes permanently displaced. As a result, other organs, 
lower in the abdomen and pelvis, are crowded upon each 
other and also become displaced. The circulation in the liver 
is diminished, and hence its activity is decreased and the 
complexion loses its freshness. 

Pain in the right side after a rapid walk is due to congestion 
of the liver with blood from the legs. What would be the 
cause of pain in the left side? 

Anatomy of the liver. — The liver is the largest gland in the 
body. It is of a reddish-brown color and weighs about three 
and one half pounds. The upper and front surfaces of the 
liver are very smooth and even. The under surface, where the 
various vessels with which this active organ is supplied make 
their entrance or exit, is very irregular and rough. Its connect- 
ing vessels, besides the lymphatics, are the hepatic artery from 
the aorta, bringing pure blood; the portal vein, bringing the 
digested food; the hepatic vein, carrying impure blood to the 
vena cava; and the bile duct, carrying the bile to the intestine. 
The bile duct, on its way from the liver, gives off a side branch 
to the gall bladder. This is a little dark green bag, in which 
the bile is stored until it is required for digestion. 
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Circulation through the liver, or portal circulation. — The 
portal vein has been mentioned (Fig. 170). When it enters 
the liver, it does a very unusual thing; in fact, it conducts 
itself as no other vein in the body does, except some of the 
veins in the kidneys. 
It subdivides into 
capillaries. Thus the 
portal vein (Latin, 
porta, a gate, since it 
enters under a kind 
of archway) both 
begins and ends in 
capillaries, for it be- 
gins in the capillaries 
of the digestive tract 
and ends in the capil- 
laries of the liver. 
After these capillaries 
have passed in among 
the cells, they unite 
again to form the 


Fig. 170. Abdominal viscera are displayed hepatic veins, which 
so as to show the portal vein carrying the blood y : 
from the viscera to the liver. J, liver; 9, gall gO directly to the 
bladder; s, stomach, and d, duodenum (these vena cava a large vein 
> 


have been divided from each other); p, pan- 
creas; e, spleen; c, large intestine; i, small that leads to the heart. 


i ine. f the . 

intestine The transverse colon and part of t There is another large 

small intestine have been removed. 
blood vessel carrying 


blood to the liver. This is the hepatic artery, which supplies 
the liver cells with blood with which to repair themselves and 
carry on their work. The capillaries from this artery unite with 
those of the portal vein in forming the hepatic vein. Thus, 
blood comes to the liver from two sources: (1) via the portal 
vein with substances received from the digestive tract; (2) via 
the hepatic artery with oxygen and other materials for the liver 
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cells. A cow’s liver, cut in two, shows in places small gap- 

ing holes, which are branches of the hepatic vein. : 
Microscopic structure. —If you examine the surface of a 

piece of liver, you will find it to be of a dark red color, and 





Fig. 171. This diagram represents two hepatic lobules. The left-hand 
lobule is represented with the intralobular vein cut across; in the right-hand 
one the section takes the course of the intralobular vein. p, interlobular 
branches of the portal vein; h, intralobular branches of the hepatic veins; 
s, sublobular vein; c, capillaries of the lobules passing inward. The arrows 
indicate the direction of the course of the blood. The liver cells are rep- 
resented in only one part of each lobule. Trace the blood through these 


veins and name the vessels. 
mottled over with little areas, each measuring about one 
twentieth of an inch across. These are the round lobules of the 
liver arranged around a branch of the hepatic vein (Fig. 171). 
The capillaries of the portal vein and hepatic artery and the 
branches of the bile duct pass among these cells. Study care- 
fully Fig. 172, which represents a segment of a lobule. When 
you understand the circulation in a lobule, you will understand 
the circulation in the entire liver, for a lobule is the liver in 
miniature. Represent a lobule by a wagon wheel. The rim 
corresponds to the capillaries of the portal vein and hepatic 
artery circulating around the lobule. The spokes correspond 
to the two kinds of capillaries united and 


hepatic vein in the hub, which will take 
the liver. 


on the way to the 


the blood away from 
Between the spokes are located the hard-working 
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liver cells which get oxygen and food from the capillaries in: 
the spokes; and relieve themselves of impurities by means of 
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Fig. 172. A diagram of a portion ofa 
lobule of the liver, as seen under a high- 
power microscope, shows blood vessels 
and bile ducts injected with fluid. ), 
interlobular branch of portal vein send- 
ing capillaries to open into h, intra- 
lobular branch of the hepatic vein which 
lies in the middle of the lobule; b, a 
lymphatic; c, branch of hepatic artery; 
d, branch of bile duct; into this (d) open 
ducts which lie between the liver cells. 









testine and gall bladder. 
“backs up” 


into the gall bladder, where it is 


minute bile ducts and lym- 
phatic ducts, which begin 
among the cells. 

Functions of the liver. — 
These cells of the liver have 
three functions which areas 
follows: (1) to secrete bile 
for digestion of food; (2) 
to store certain food ele- 
ments after digestion, and 
(3) to excrete from the 
blood certain waste sub- 


stances. We will now 
discuss each of these func- 
tions. 


Secretion duties. — The 
secretion of the liver is 
the bile. It passes from 
the liver cells in a common 
duct that leads to the in- 


When the duct is filled, the bile 


stored until 


food is eaten, when it enters the small intestine close to 


the stomach. The bile aids in 


fats. 


the emulsification of the 


The bile does not contain an enzyme, but its alkaline reac- 
tion aids in the emulsification and saponification of fat. When 


fat is emulsified, a physical chang 
of fat smoothly dispersed throug 


e occurs with the small drops 
h the intestinal contents as 


they are in milk. The saponification of fat is a chemical change 
in which the fatty acids are formed into soaps. These changes 


are essential in the digestion of fat. 


The bile has a marked 
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effect in stimulating peristalsis, and so favors normal condi- 
tions in the intestine. ' 

Storehouse duties. — The sugars and protein when digested 
are carried to the liver. The protein passes through, and goes 
on to the cells of the body; but the sugar remains in the liver 
until needed. 

If a frog were dug up in the first part of its winter sleep, 
and its liver were examined under the microscope, the cells 
would be found swollen and 
full of glycogen, a substance 
stored up for the frog’s winter 
needs. It is a carbohydrate 
material resembling starch 
and made from digested 
sugar. Thelivercellsofafrog Fig. 173. A represents liver cells of 
Whichhasjustcomeoutinthe $ Ws ser 9 thiny-sichour ‘fast 
spring will befound shrunken a full meal — in the latter case swollen 
and containing no glycogen. foes bes caesEh 
Ifa starving rabbit be killed and its liver cells examined, no gly- 
cogen will be found, but the liver cells of a rabbit which has 
recently been fed on turnips will be full of glycogen. If two 
rabbits are well fed, one being kept in a cage and the other 
hunted around all day, much glycogen will be found in the 
liver of the quiet rabbit, and very little in the liver of the 
hunted one. The glycogen stored up is used during muscular 
work and it is also used during starvation. 

The sugar absorbed by the small intestine reaches the liver 
through the portal vein. It is taken up by the liver cells and 
changed into granules of glycogen, to be turned into sugar 
again during times of hunger and hard work. Thus, only a 
small amount of sugar is allowed to enter the circulation at 
One time, only 13 ounces in every 1000 ounces of arterial 
blood. If more than this quantity enters the blood 
passes out through the kidneys, 





, sugar 
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Excretion duties. — The excretory function of the liver is 
important. In the digestion of protein, the complex protein 
material is reduced to smaller units which are used in the 
building of tissue and may, in need, yield energy. The pro- 
tein material that is of no more use to the body is taken from 
the blood as it: passes through the liver, and is formed into 
urea, a fact which is demonstrated in examination of the blood 
coming to and leaving the liver. The blood leaving the liver 
contains more urea and less of the other protein waste than 
does the blood coming to the liver. Urea is excreted from 
the body by the kidneys. The yellow color of the bile is due 
to a pigment resulting from the destruction in the liver of 
worn-out red corpuscles. The bile is partly an excretory prod- 
uct, but it also serves to aid digestion and to keep the ali- 
mentary canal in an aseptic condition. 

It is believed that alcohol injures the liver, leading in time 
to a series of changes that may best be described as scars. 
This injury to the liver occurs most frequently in those who 
have been addicted to drink, and has been demonstrated expert- 
mentally. This scarring effect (cirrhosis) has been produced 
in rabbits by the giving of alcohol. Whisky, gin, and brandy 
are more injurious in this respect than beer. The disease is 
more common in countries where strong liquors rather than 
malt drinks are used. It is probable that only heavy drinking 
produces this effect. 

A man would live many years longer than he does, if he 
were not all the time producing waste products in his body 
by his ordinary activities. The excretory organs are taxed 
to remove them. In the young child as it is growing and 
developing, the skin is so active, the kidneys are so healthy, 
and the liver is so vigorous, that the waste is all removed and 
the blood is pure. That is why a healthy child has so sweet 
a breath, such bright eyes, and so fair a skin. When he be- 
comes older it is different. The same is true of a dog; the 
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puppy's breath is pure, its body is clean, so that it may lie 
in a lady’s lap or on a sofa and leave no unpleasant odor. 
But when it is old, the dog sometimes becomes so offensive 
that it has to be driven out of the house. The strong odor 
results from the accumulation of waste substances in the body. 

An excess of protein, such as lean meat and cheese, in 
the diet, produces an increased excretion of urea through the 
kidneys. It is obvious that excess of food may lead to the 
disturbance of liver function. Exercise, by causing a more 
complete combustion of food materials, relieves the demand 
on the liver. Disturbance of liver function known commonly 
as biliousness may be relieved by a spare diet and exercise. The 
poor, overworked liver should not be blamed, however, nor 
the statement:made that “‘the liver is not acting.” At the very 
time the complaint is made, the skin and eyes may be yellow, 
showing the presence of too great a quantity of bile, which 
is a product of the activity of the liver. 

Functional disturbance of the liver may result from three 
causes: (1) The first and most usual form is caused by fermen- 
tation and other forms of indigestion, and by the poisonous 
products therefrom entering the blood. (2) Stoppage of the 
chief bile duct because of congestion, which extends to it 
from the stomach. This congestion is caused by irritation of 
undigested food. (3) The liver cells may be overworked from 
taking care of excessive food. 

The waste products from food elements. — When the 
foods are oxidized in the body there are several products of 
oxidation called waste products. The starches and sugars, the 
fats and oils, when oxidized, give rise to water and carbon 
dioxide. The protein gives rise to various products, of which 
the most important are urea, uric acid, and creatin. These are 
excreted by the kidneys. There are also found, in the excre- 
tion of the kidneys, small quantities of phosphate and sul- 
phate of calcium, sodium, and potassium. Urea is a substance 
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of great importance, as it is the most abundant nitrogenous 
waste substance produced by the processes of action and 
growth in the cells of the body. Carbon dioxide leaves the 
body through the lungs, and water leaves it through the lungs, 
kidneys, and skin. 

If a man were to live all day in a small chamber placed 
upon very delicate platform scales, he would find that he lost 
weight every second of his existence except when taking food, 
and more rapidly at some times than at others, the amount of 
loss depending upon the activity of his body. The loss of 
weight occurs through the excretions which the man gives off. 
At the average temperature of the air and average activity of 
his body, the day’s loss to be replaced by food eaten, water 
drunk, and air breathed would be about as follows: 


Brom the large intéstine. 40... + +s a). « 5 oz. excrement 

Brom the skin. .'.. « © . . « % . . 25.02. petspiradon 

mrom the kidneys. . . . . +... « $002. excretion 

Fromthelungs . ... .. . =. . . 35 0z. carbon dioxide and water 
TOE, vp LEM Sty eS sot. “te ALS eae: 


The total loss is, then, nearly 8 pounds, three-fourths of 
which is water (nearly 6 pounds). The remainder, except 
the 5 ounces of excrement, consists of those waste materials 
(solid or gaseous) which result from the breaking down of 
the active living protoplasm into simple chemical substances, 
through the process of oxidation. This amounts to 27 ounces 
-and is apportioned as follows: perspiration, + ounce of salts, 
and a trace of urea; the kidney secretion, 1 ounce of salts and 
1{ ounces of urea; the lungs, 25 ounces of carbon dioxide gas. 


FACTS TO REVIEW 


1. What is digestion? To what process in work can you com- 
pare it? In what respects is the analogy faulty ? 


2% What are enzymes? What is meant by the statement thai 
enzyme action is specific? 
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3. What is the function of the muscle coat in the alimentary 
canal? How and where do the digestive glands deliver their secre- 
tions? 

4. Name and locate the three pairs of salivary glands. Why are 
they so named? 

5. What is the enzyme of the saliva? What does it digest? 

6. How does a tooth grow? How many teeth are in the perma- 
nent set? What are their names? 

7. Describe the structure of a tooth. 

8. What are the causes of decay of the teeth? 

9. What is pyorrhea? What is a factor in producing it? 

10. Make a list of things that it is possible to do to keep teeth 
healthy. 

11. What causes smoker’s sore throat? What and where are 
the tonsils? 

12. What are the pharynx and the larynx? 

13. What is peristalsis? What muscles produce it? Of what 
value are cabbage and other forms of roughage in the diet? 

14. What are the digestive enzymes of the stomach? Of the 
intestine? 

15. What is the mesentery? What purpose does it serve? 

16. Name the two ways in which blood reaches the liver. Where 
does the portal blood come from? Where does the blood in the 
hepatic artery come from? These questions you can answer more 
fully after you have studied the chapter on the circulation of the 
blood. 

17. What is the function of the bile? How does digested sugar 
reach the blood stream? How does digested fat reach it? 

18. What is cirrhosis of the liver? What is a common cause 


of this condition ? eu 
19. Where is urea formed? From what sources 1s it produced ? 


QUESTIONS TO THINK ABOUT 


1. Do you take proper care of your teeth? Study the important 
points in caring for the teeth (page 219). Discuss diet in relation 


to healthy teeth. ee 
2. Can you give some reasons why it is important to preserve 


1? 
the temporary teeth and not allow them to decay: 
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3. Why should one eat some food that requires ee 

4, Why are infected tonsils dangerous? Have you had your 
tonsils removed? . . 

5. What are the dangers to health of standing in a relaxed posi- 
tion? In what ways may one keep the walls of the trunk strong? 

6. Why is appendicitis a common disorder in man? Is it true 
generally that unused tissues readily succumb to disease? Is it 
true for glandular organs, or do such organs gain strength with 
rest and inactivity ? 


INTERESTING THINGS TO DO 


1. Experiment — To study the intake of fluid by the body per 
day. 

Material. — Co-ordinate paper, record of the number of glasses 
of fluid taken. 

Method and observation. — Estimate the number of ounces of 
fluid taken by counting the number of glasses of water, milk, soda, 
etc., taken in one day. The common tumbler or glass will hold 
eight ounces. Continue this observation for one week, and at 
the end of that time record on co-ordinate paper. Indicate days 
at the base of the graph and ounces per day to the left of the first 
vertical column. Mark the point for each record and connect the 
points by straight lines. This will give a graphic representation of 
the fluid intake for one week. 

If this experiment is performed in the warm weather, it will be 
interesting to carry along with this record of the fluid intake 
the average temperature of the atmosphere on each day. If this is 
done, record the temperature on the chart and observe any relation- 
ship that exists. 

2. Experiment — To test food material for starch. 

Material, — Cornstarch, tincture of iodine, and test tubes. 

Method and observation, — (4) In a clean test tube mix a small 
amount of starch and water until the mixture is about the con- 
sistency of a thin paste. Add several drops of iodine to the test 
tube. What is the result? (4) Add some water to a small part of 
a boiled potato. Mash the potato thoroughly in the water. Now 
add a few drops of iodine to the mixture. What is the result? 
Iodine gives a deep purple color in the presence of starch. 
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3. Experiment — To test for sugar (glucose). 

Rite eee ae ici Fehling’s copper and the Fehling’s 
‘ , and Bunsen flame or alcohol lamp. 

Method and observation. — Dissolve some glucose in water in a 
test tube. To this solution add equal parts separately of the 
Fehling’s solutions and heat to boiling. The presence of glucose is 
determined by the change of the solution to a brick red. 

4, Experiment — To test for fats and oils. 

Material. — Nuts or animal fats, white paper, ether. 

Method and observation. — (a) On a piece of paper, rub the kernel 
of a nut with the covering removed. Hold the paper to the light. 
The fat changes the light qualities of the paper. (b) Mash the 
kernel of a nut in a dish and add ten cubic centimeters of ether. 
Break up the kernel thoroughly and allow the preparation to stand 
several minutes. Filter and save the filtrate, allowing it to evaporate. 

Ether extracts oil from substances and on evaporation leaves the 
oil. 

5. Experiment — To test for protein. 

Material. —White of egg (raw), nitric acid, ammonia, caustic 
soda or potash, dilute copper sulphate, test tubes. 

Method and observation. —(a) The Xanthoproteic reaction. 
Place the white of the egg in a test tube and add nitric acid. Heat 
gently to boiling. Cool and add ammonia. If protein is present, 
a deep yellow color will appear when the ammonia is added. 
(b) The Biuret reaction: Place the white of an egg in a test tube and 
add two centimeters of the caustic soda. Then add a few drops of 
the dilute copper sulphate solution, being careful to avoid excess. 
If protein is present, a purple color will appear. A blue color with- 
out any red is a negative test. 
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Digestion and health. — A wit once said that if he had 
been consulted at the creation of the world, he would have 
made health ‘‘catching”’ instead of disease. Observations show 
that happiness, industry, health, faith, and other of the strong 
elements that make up life are more contagious than misery, 
idleness, sickness, worry, and the other weak elements that 
tend to destroy life. Fear causes a tightening of the muscles 
and a waste of energy, as well as oppressed breathing and a 
lack of oxygen. Courage brings calm, full breathing which 
purifies the blood, and a steady and economical use of the 
muscles which saves the vital energy. A brave and cheerful 
visitor can inspire an ailing friend and assist in his recovery. 
A happy, unselfish teacher or pupil can dispel worry or gloom 
and impart strength and increased power for work to the 
whole school. The body tends to health and not to disease. 
Some persons have been able to break down their health only 
after long-continued attacks upon it, and outrages many times 
repeated. Fresh air forces its way into the home to bring 
health, but the thoughtless person makes every attempt to 
keep it out. Sunshine brings health, but the foolish person 
shuts himself up in a stuffy, ill-lighted office, a slave to dol- 
lars or to fame. He curtains the sunshine out from the home 
to protect the carpets and hangings from fading. Exercise 
brings health, but the promptings to stir about, to walk, to 
run, or to work with the hands are repressed until the impulses 
cease. When activity is lessened, the appetite for food dimin- 
ishes, but, instead of following the promptings of nature, 
those who have failed to learn how to live sprinkle more salt 
and pepper and other condiments upon the food, that they 
may eat with an unnatural appetite. 

By keeping up these artificial ways for months and years, 
One at last succeeds in breaking down his health. It takes 
more perseverance to weaken the body than it takes to make 
it strong again. There must be a return to sensible ways of 
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living with a reasonable trust in the inherent tendency of the 
cells to restore soundness when given a chance. But if a man 
commits the folly of thinking that months are not needed for 
recovery, that disease brought on by wrong living can be 
cured in a few days by taking patent medicines, he will injure 
himself still more, 
and probably lose 
his chance of recov- 
ering sound health. 
Emotions and di- 
gestion.— The phys- 
iologist, Pavlov 
(Fig. 174), by ex- 
perimenting on dogs 
found out many of 
the mysteries of di- 
gestion. We know 
now from scientific 
experiment that fear, 
anger, and rage alter 
the character of the 
digestive juices. The 





Photo from Brown Brothers 
Fig. 174. We are indebted to Pavlov, the value of cheerfulness 


great Russian physiologist and surgeon, fora js thus shown to be 


simple method of obtaining gastric juice. i 
more useful than 1s 


generally thought. The work that Pavlov did has been followed 
by other discoveries. Animal experimentation is essential to 
such discoveries (Fig. 175). 

Digestion and environment. — It is known that the race 
originally did not dwell in houses, and had few tools or cook- 
ing utensils. Man probably first lived in the tropics and 
subsisted upon the fruits which ripened in the never-ending 
summer, and, as he migrated to the colder climates, subsisted 


upon the results of the chase. That individual who refused to 
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peel his apples because, as he said, Adam had no Ee 
knife, and slept with his windows open because Adam ha 
house had a right principle in view. If his teeth were as 
sound as the teeth of his ancestors, and his habit of mastica- 
tion as thorough, fruit skins would be an aid to digestion. 
Fruit should be washed if the skin is to be eaten. 





Fig. 175. This group of dogs, used in Pavloy’s laboratory, aided man in 


making a great medical discovery. They were happy and healthy, never 
suffering pain. 


Man possesses a stomach intended to digest food obtained 
by activity in the open air. Ifa man eats plain food and leads 
an active life, his appetite is a perfect guide. If he does not, 
it is unsafe to trust to the appetite alone, for the reason that 
he lives under conditions unlike those for which this instinct 
was built up. A cow’s appetite is a certain guide to her among 
poisonous plants and berries, yet she will eat a bucket of 
paint and harm herself; the bucket of paint is beyond the 
range of her inherited instincts. Even if man’s instincts had 
their early strength, they could hardly guide him among the 
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many food concoctions and preparations undreamed of years 
ago. To live effectively today we must correct taste and appe- 
tite by knowledge and particularly if liking for unwholesome 
food has been developed. 

It is found that returning to natural habits by going on 
camping, hunting, and fishing trips is one of the most eftec- 
tive hygienic measures for the restoration of health. 

Hobbies about nutrition. —The subject of food and 
digestion is a more complicated one than that of exercise or 
breathing, and common sense is required to master it. Many 
persons fail to master it, and allowing their minds to come 
to rest on some one fact or view of the subject, they become 
extremists. 

Hot water. —Some would cure every digestive ill by means 
of water. Their belief is “water internally, externally, and 
eternally.”” They sometimes drink it as hot as it can be borne, 
yet hot water is very relaxing to the walls of the stomach and 
weakens the flow of the gastric juice. This extreme belief 
arose from the fact that hot water removes the mucus from a 
stomach suffering from catarrh Cor congestion) and dimin- 
ishes the activity of the gastric glands, if too much acid is 
being secreted. 

Raw food. — Some persons follow the raw-food doctrine, 
and eat no cooked foods. They should consider that man’s 
digestive organs are not as vigorous now as they were ages 
ago, before he learned the use of fire. This fad is a reaction 
from bad cooking. Cooked vegetables are more likely to fer- 
ment in a weak stomach than raw vegetables. The thorough 
chewing required by raw food, however, 1s an advantage to 


digestion. 

No condiments. — 
or any kind of seasoning, not eve 
‘5 the result of many cooks destro 
the food by bad cookery and hiding the result by high season- 


Some persons will not have condiments 
n salt, in their foods. This 
ying the natural flavors of 
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ing. There are many delicate and delicious flavors of grains, 
fruits, and fresh vegetables in which a natural appetite takes 
pleasure; but because of long use of badly cooked and highly 
seasoned foods, the sense of taste in many persons has be- 
come so depraved and dull that they have only five tastes: 
the tastes for grease, salt, pepper, vinegar, and sugar. Their 
dull nerves require everything to be very salty or peppery or 
sweet or greasy or sour. { 

Vegetarianism. — Some people have an aversion to eating 
animal food and will eat vegetable food only. It is known, 
however, that animal protein is absolutely necessary for health. 
In reality, ‘“vegetarians” are not vegetarians at all. They are 
only “no meat eaters.” They eat eggs, butter, and milk, and 
these are animal food. 

Those with whom meat does not agree or who, for humane 
scruples or other causes, adopt a vegetarian diet, sometimes 
fall into serious error. If fruits and nuts are not freely used, 
and the diet is confined to grains and green vegetables, a 
large excess of starch is consumed; and the diet is very bulky 
in spite of the fact that it is greatly lacking in fat and protein. 
Persons who do not eat meat should replace the protein of 
meat with that of nuts, cheese, beans, and peas, and employ 
fat in the form of nuts, cream, milk, eggs, and butter. 

No breakfast. — Those who eat no breakfast make up in 
amount at the other two meals. Instead of taking three meals 
to eat the food necessary for them, they eat it in two. It is 
more hygienic to eat three smal] meals than two large ones. 
Moreover, one can do better work in the morning after a good 
breakfast. A good breakfast might include orange juice, milk, 
rolls, and a boiled egg. Cooked cereal, such as Oatmeal, eaten 
with a little butter on it, is a desirable form of breakfast food. 

Studies of diet and physical efficiency show that for any 
amount of food consumed in a day, it is better to distribute it 
in frequent small meals than in fewer large ones, It is better, 
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therefore, to eat five times a day than two or three. When we 
eat more frequently we tend to make these small meals con- 
sist of candy, pastry, and such sweets. This is undesirable, 
of course, and is the reason for the old advice against eating 
between meals. For the small meals between the regularly 
established hours, we should use milk, or salad, or sandwich, 
or fruit. 

Man’s original food resources and how they have been 
enlarged. — The present sources of man’s food, besides 
the original nuts and fruits, are flesh, grains, and herbs, which 
he has added to his dietary probably in the order named. In 
the warm regions of the earth, the banana, plantain, mango, 
orange, and coconut trees (Fig. 176) bear their luscious fruit 
the year round. But the multiplication of the race and perhaps 
times of drought and famine led man to use the food stored 
up in the flesh of other animals which had obtained it from 
grass and herbs. This necessity doubly increased with migra- 
tion to colder climates. In the frigid zones the inhabitants 
live very largely on animal food. They consume immense 
quantities of blubber, or the fat of certain animals, such as 
the whale, the walrus, and the seal. This kind of diet, by sus- 
taining the necessary bodily heat, enables these people to with- 
stand the intense cold to which they are subjected. 

Grains in their natural state are too small and collecting 
them was too tedious before the time of that long-forgotten 
genius who first thought of cultivating them in order to im- 
prove them. Fruits and grains belong to the seed part of the 
plant. The coarser woody leaves and stem and roots were 
probably not added to man’s food until the art of cooking 
was much advanced. The degree of digestibility seems to 
coincide in most persons with the order of adoption of the 
classes of foods by the race. If one leads a sedentary life, or 
his digestion becomes impaired, the weedy, fibrous vegetables 
should be the first to be discarded from the diet. Flesh and 
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Photo from Kaufman-Fabry 
Fig. 176. Coconut palms are an important source of food in warm climates. 


fruits seem to furnish the main substance for invalids even 
after grains and starches prove hard to digest. 

Present-day sources of food.— We have learned that 
man’s digestive tract has developed with reference to plain 
food gathered by his own physical efforts. Man’s food today, 
both in its form and its method of production, has under- 
gone remarkable changes. Many articles are brought from 
lands far away, and transportation makes it very easy to eat 
in Maine what has been grown in California. The city man 
may buy all his food in a shop and never in all his life pro- 
duce actually one article of food. Of course, he produces in 
other ways. It is necessary that he make up in other ways 
for the lack of physical exercise that j 
gained from tilling the ground. 


Nuts. — Nuts are the Most concentrated and nutritious of 
all foods. Beefsteak is three-fourths water, 


s one of the advantages 


‘while nuts are 
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less than one-fourth water. This refers to the nut “meats” or 
kernels. Nuts are how many times as nutritious as beefsteak? 
Nuts may be said to consist of one-half fat, one-fourth pro- 
tein, and the remaining one-fourth water and mineral. The 
fat, unlike that of butter, oil, and fat meat, is emulsified in 
nuts, and does not need to be divided up before absorption 
by the lacteals in the small intestine. Their density encour- 
ages the habit of thorough chewing. Nuts are made up of 
little cells, each of which has its proportion of proteins, fat, 
and dextrin, a kind of sugar. The small boy climbs the tree 
and gathers the nuts, cracks and eats them, and digests them 
thoroughly. The man stays in his office and has some one 
else to gather them. As he masticates less thoroughly, he 
may find them less digestible, especially if he always eats a 
full meal before taking the nuts. Green or rancid nuts are not 
digestible. Like meat, nuts should be eaten during the meal. 
Persons who usually eat nuts after they have already eaten 
too much consider them very indigestible. They are apt to be 
digested more easily if eaten only at meal times in small 
quantities, and if they are thoroughly chewed. 

Pods or legumes. — Pods or legumes resemble nuts very 
closely in chemical composition, but they require thorough 
cooking. Their seed coats, or hulls, consist of cellulose of 
woody fiber, which may well be removed. The hulls can be 
loosened by soaking them in cold water before they are 
cooked. Dried legumes should be soaked before cooking. 
Beans and peas have been called the lean meat of the vegetable 
kingdom, and they contain a high percentage of protein, 

Fruits. — Fruits have five important advantages: (1) Their 
agreeable flavors are a natural and healthy stimulus to the 
digestion. (2) They contain vegetable acids (either citric, 
malic, or tartaric) that are of value in purifying the alimentaty 
canal. (Fruits have almost no protein. ) (3) They contain 


very valuable mineral salts that are of highest use to the blood 
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and tissues. (4) The carbohydrate in ripe fruits is all in the 
form of levulose or fruit sugar, which is absorbed without 
digestion. (5) They contain important vitamins. The citric 
fruits, such as oranges, limes, and lemons, are excellent sources 
of vitamin C. With these advantages there is the disadvantage 
that fruits are largely water, and, on the whole, contain scant 
nutriment. Grapes, bananas, and olives have a slightly higher 
food content than most other fruits. 

The proverb, that fruit is golden at breakfast, silver at noon, 
and lead at night, is not true. Fruit is golden at all meal- 
times, if it is sound and ripe, and if the stomach is not already 
filled with food. Fruit juices are valuable as restoratives to 
health, since they tax the digestive organs very little and are 
quickly assimilated. A fruit diet for several meals will dis- 
infect the alimentary canal and ward off a “‘bilious’’ attack. 
Juicy apples, pears, lemonade, orangeade, pomegranateade, 
and ripe peaches are pleasant and wholesome. 

Meat. — Protein is the principal food substance in meat. 
Beef contains the largest amount among the common meats, 
and pork the least. The fat of meat is also of great impor- 
tance. Itis abundant in pork. Meat that is salted and smoked, 
or dried, or prepared in any way so that germs will not grow 
in it can be kept for a long time, but its digestibility is greatly 
impaired, because its fibers have been hardened so that the 
gastric juice cannot readily penetrate them. The most tender 
and digestible of meats consist almost wholly of mus- 
cular tissue and fat, while tough meat has much connective 
tissue. 

Experiments show that ordinarily one-fifth of the protein 
in vegetable food passes through the intestine undigested 
and unabsorbed, and is thus wasted, while only one-thirtieth 
of the protein in meat escapes digestion. Pork should be 


thoroughly cooked to avoid the danger of disease from 
Trichina spiralis, 





Photo by Luis Marques 


Fig. 177. Fish is a valuable source of protein. Here a Tarascan Indian is 
resting after fishing in Lake Patzcuaro, Mexico. 
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Meat extracts. — Researches concerning the nutritive value 
of meat extracts show that a glass of milk contains far more 


nourishment than a cup of beef tea. 


The best way to get the 


nourishment out of a steak is to eat it. 

Fish. — Fish is a valuable source of protein. Moreover, 
most fish from the ocean contain a good proportion of iodine. 
Island people and people of Mexico and parts of South 
America use fish (Fig. 177) a great deal in their diet. Fish 


may be cooked in a variety of ways; 
some kinds of fish are preserved by 
smoking or curing in the sun. Tuna 
and salmon are canned and then 
cooked in the can. In the Orient, 
Philippines, and Japan fish is eaten 
raw. In Peru, raw fish, prepared by 
placing in strong vinegar, is re- 
garded as a great delicacy. This 
practice is descended from the Inca 
civilization. 

Milk, cheese, and eggs. — Cow’s 
milk is an excellent food for all ages. 
It does not contain the proper pro- 
portion of food elements for nurs- 
ing infants and, therefore, must be 
modified when fed to them. After 
the nursing age, however, milk is for 
most persons a highly desirable food 
and for growing children almost 
indispensable in the diet. A quart 
of milk daily will supply all the 
calcium needs, most of the phos- 
phorus, some iron, and is an ex- 
cellent source of vitamins A and D 
(Fig. 178). If taken before meals, 






Vitamins- 


A-kks 
B- «kk 
C-* 
D-* 
*D)- kK 
Bo- kkk 








* Jrradiated milk 


Fig. 178. This chart shows 
the average daily food need 
for high-school students. The 
black bars indicate the per 
cent of each of these supplied 
by a quart of milk. In the 
letters above, B refers to 
thiamine; C, to ascorbic acid; 
and B,, to riboflavin. 
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hot and slowly, milk will agree with those who have found it 
to produce indigestion. Buttermilk is one of the most di- 
gestible of foods. 

Cheese is a concentrated food, and an excellent source of 
protein. 

Eggs are valuable food and in proportion to their value are 
cheaper than meat. Eggs may be cooked in a variety of ways; 
probably the most desirable is soft boiled — three and a half 
minutes. But eggs may be used in the diet indirectly, in cakes, 
custards, muffins, and various sauces. 

Eggs, when fresh, are delicious but stale eggs give a strong, 
unpleasant taste. In the home eggs should be kept in the 
refrigerator. 

Grains. —Nearly all the starch of our food is supplied by 
grains. They also contain from 8 to 15 per cent of a protein 
called gluten. The chief grains are wheat, oats, barley, corn, 
tice (Fig. 179), and buckwheat. The more gluten there is in 
grain, the more gluey or sticky its flour will be. Sticky flour 
will retain the bubbles of gas formed from baking powders 
or by the growth of the yeast plant. Wheat has much gluten, 
and its flour makes very light bread. Corn meal has not 
enough gluten to make it very sticky, and corn bread will 
not rise well. Corn contains more fat than any other grain; 
yellow corn, more fat than white corn. Wheat is richer in 
starch and protein than any other grain. If cooked several 
hours, the starch of grains is so thoroughly dextrinized that 
it is changed to sugar almost instantly when brought in con- 
tact with the saliva. Grains may be cooked during the cook- 
ing of the preceding meal and the cooking finished in prepar- 
ing the meal at which they are to be eaten. If oatmeal and 
other mushes are sticky, it shows the presence of half-cooked 
starch. Rice and oatmeal may be first browned in the oven 
and afterward steamed. Toast and brown crust are almost as 
digestible as ripe fruit and may be eaten by invalids. 
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Three kinds of flour. — There are three ways of oe 
wheat to make flour. (1) By using the whole grain an : ; 
husk which encloses the grain, graham flour is made. (2) ie 
using the whole of the grain, whole-wheat flour is made. 





Photo from Gendreau 


Fig. 179. Rice is one of the chief grains. It is grown on terraces in flooded 
areas. 


(3) When the outer and darker portion of the grain is rejected, 
part of the gluten is lost and all the starch is retained. This 
product is the ordinary flour. 

Graham flour is most stimulating to peristalsis in the canal. 
Its large amount of waste matter furnishes something for 


the intestine to contract upon, and thus all waste matter is 
Swept on and out of the body, 
of the canal. 


stomachs. 


contributing to the cleanliness 
It sometimes causes congestion in irritable 
Sometimes flour which is merely dark with dirt is 
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sold for graham flour. Whole-wheat flour is essential in man’s 
diet. 

White flour has been used extensively because it makes white 
bread. This is judging the food by its appearance and not by 
its nutritive value. It is well known that whole-wheat flour is 
more desirable as it contains salts, food elements, and waste 
material that are very important. Nations in time of war, 
when economy is necessary, use the whole of the wheat in 
the milling of flour, or add to the white flour the vitamins and 
minerals removed in milling. This is ‘‘enriched’’ flour. 

Sugar. — Modern dietaries offer sugar in many forms. 
Sauces, creams, sirups, candy, cakes, and rich desserts may 
appear too frequently in the diet. Excessive consumption of 
sugar throws strain upon the pancreas. Leading specialists in 
diabetes have pointed out recently that persons with a heredity 
of diabetes in the family should avoid heavy consumption of 
sweets. This advice is sound for all persons. Some individuals 
unable to burn sugar readily show a proneness to pimples, 
boils, and other skin disturbances. 

Vegetables. — Root vegetables and tubers, such as potatoes 
and sweet potatoes, contain starch. Turnips, also, contain 
starch, but to a less extent. Leafy vegetables are not espe- 
cially valuable for their caloric yield, but are to be included in 
the diet because of the vitamin and mineral content. They 
also give bulk and roughage to the diet. This roughage is 
essential for efficient action of the alimentary canal in its 
lower parts. The green leafy vegetables also are rich in iron, 
a fact which is important because of the need of the blood 
for iron sources in replacement of the red cells of the blood. 
They are also excellent sources of certain vitamins. 

Cellulose. — Cellulose has the same chemical composition 
as starch. It forms the cell walls and woody fibers of plants, 
and is hardly digested at all by man; hence, starch requires 
cooking to burst the cellulose envelopes of the starch grains. 
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Cellulose and water are the chief constituents of greens, cab- 
bage, and other fibrous vegetables. It forms the fibers in 
watermelons, which also contain cane sugar, the sweetest of 
the sugars. The woody skins of beans and peas are cellulose. 
Hence, many find the legumes more digestible in a purée, or 
cooked with the skins removed. Cellulose is the natural stimu- 
lant to peristalsis and activity of the canal and, therefore, is 
useful in the digestive process although little is digested. 

Patent medicines. — There are a considerable number of 
people who violate laws of health and then seek to escape 
from the results by taking a pill or a tonic. The digestion of 
food is not a mysterious act and it will proceed in a satisfac- 
tory manner if simple rules of living are observed. Errors 
in diet can be atoned for, not by the taking of patent medi- 
cines, but by learning the art of living. This lesson includes 
the fundamental rules governing outdoor air, proper food, ade- 
quate sleep, care of the body, prevention of infections, right thinking 
and physical activity. 

Shall we drink water at meals? — Food should be chewed 
until it is broken into fine parts and thoroughly mixed with 
the saliva. Thorough mastication is essential. It not only 
prepares the food better for digestion in the stomach, but it 
also prevents overeating. 

Drink should not be used to wash the food down the 
esophagus. The food should be chewed and mixed with the 
saliva until it can be swallowed easily. If one desires to drink 
water at meals, there is no harm in so doing; but the habit of 
using liquid to wash the food down is easily acquired, and 
one should be careful not to form it. 

General tules modified by individual needs. — The stu- 
dent readily sees that the question of individual needs is im- 


portant. There is truth in the old adage, ‘‘What is one man’s 
meat 1s another man’s poison.”’ 


| No cast-iron rules can be 
laid down for anyone’s life. 


It is for this reason that the 
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“Rules of the Game” have been so stated as to permit inter- 
pretation and variation in accordance with individual needs. 
Common sense can never be dispensed with. Persons with 
powers of observation find by experience what is best, and 
they should have will power enough to adhere to what they 
find is best for them, although opposite ideas may be pre- 
sented to them by persons of narrow views, as the only correct 
way. What is enough for one is a surplus for another. Sex, 
age, occupation, present health, and heredity, each has its 
influence on diet for the individual. The wear and tear of an 
active body requires a class of food which would be a burden 
to one of sedentary occupation. Exercise lights the fire that 
burns up the refuse of the body, and it naturally increases the 
appetite and strengthens the digestion. 

Indigestion. — If a person confines himself closely to brain 
work and takes no exercise whatever, he may not digest his 
food well: but he need not think his digestive organs unsound, 
and begin dieting. He should take more exercise, and by 
better habits of life stir up his circulation, and use the food 
stored in the cells. They will then become hungry for more, 
and digestion will be perfect. There is a saying, “You can 
lead a horse to water, but you can’t make him drink.” So you 
may put food in the alimentary canal, but you cannot make 
the cells assimilate it, although by high seasoning you may 
have aroused an appetite for it. The fact that such food is not 
digested does not mean that the digestion is weak; it means 
only that too much food and too many condiments have been 
used. 

Two ways out of a difficulty. — Exercise and care in diet are 
the best ways out of digestive troubles, unless the digestive 
disturbance is a symptom of disease. A physician should 
determine the cause. If a student or office man is under the 
delusion that he “just simply has not time” to take plenty of 
exercise, he may partly meet the difficulty and keep his brain 
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clear by an abstemi- 
ous diet. All grown 
Americans need to 
appreciate more the 
value of play and rec- 
reation (Fig. 180). 

Cooking. — The 
cooking of food 
should involve more 
than applying heat 
sufficient to burst the 
envelope of cellulose 
or coagulate the pro- 
tein. It should con- 
vert it into a digest- 
ible condition. This 
is essential, but it is 
also important to 
cook it in such a way é es 
that when served it pte LS ONES 

; ; Fig. 180. Sailing is a pleasant and healthful 
will be pleasing, be- 


outdoor sport. 
cause the digestion 


of the food is dependent, as you remember, upon psychic 
stimuli. Roasting, baking, stewing, boiling, broiling are good 
methods of cooking. Vegetables should not be over cooked. 

Meat. — Meat should be roasted by putting it into a hot 
oven at first, to form a crust to keep in the juices, then lower- 
ing the temperature of the oven to prevent drying out and 
hardening. When meat is broiled it should be turned only 
once. Putting the fork in the meat with frequent turnings 
allows the juices to escape. Roasts should be salted before 
cooking but steaks and chops after broiling. 

Cereals. — Ordinary cooking bursts the cells of starch in the 
grain and begins the transformation into dextrin, a substance 
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intermediate between starch and sugar. This is a great help, 
for the saliva does not act upon raw starch, and the pancreatic 
juice acts only slightly and after several hours’ delay. Cooking 
that amounts to little more than moistening and heating the 
starch is a disadvantage, and makes it more likely to ferment 
than if eaten raw; but thorough cooking adds greatly to the 
digestibility of starch. Oatmeal, cracked wheat, and other 
grain food should be cooked at least forty minutes. There are 
oatmeals that can be cooked in two or three minutes. Rice 
requires twenty minutes. Rice should be washed in cold 
water in a colander after cooking. If it is then reheated by 
steaming, it will be very palatable. 

Bread is best if made of whole-wheat flour. It should be 
cooked in a slow oven, so that the inside of the loaf may be 
well baked. The loaves should be made small and not touch- 
ing, so that there may be much crust. Crust (1) cleans the 
teeth like a brush and makes them healthy from use; (2) it 
increases the flow of saliva by its dryness and the longer 
chewing required; (3) it is more easily digested than the 
crumb, or white portion, as it resembles sugar. Beaten bread 
is the most digestible, like the hoe cake and other unleavened 
breads. Yeast bread comes next in digestibility. 

Yeast belongs to the class of plants called fungi, that can 
live in darkness, and have neither leaves nor blossom. Most 
plants get nourishment from the soil, air, and water, but yeast 
and other fungi derive their sustenance from vegetable or 
animal matter in process of decomposition. Yeast plants are 
microscopic cells of oval shape, and, like other plants, require 
food in liquid form. They cannot absorb dry or solid food. 
Their most suitable food is sugar. The flour of wheat con- 
tains starch, a small amount of which is converted into sugar 
by the diastase which lies next the bran. Yeast grows best at 
a temperature of from 70° to 80°. A slow growth at a lower 
temperature favors the development of other micrcOrganisms 
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which make the yeast unhealthy and produce bad ayers 
With a high temperature its growth is rapid and of extremely 
5 ration. 

pee ae may go through several stages; in the first 
stage, or alcoholic fermentation, the yeast uaa 
sugar, splitting it into alcohol and carbon dioxide gas. is 
is the stage for bread-making, the gas causing the bread to 
tise. In the second stage, or vinegar fermentation, alcohol 
is changed to acetic acid — the acid in vinegar. Hard wheat 
has more gluten than other wheat, and the bubbles formed in 
its flour will not break easily. Why does bread from such 
wheat rise well? Why is bread set in a warm place to rise? 
Why does it “fall” if left to stand too long? Under what 
conditions does bread made from yeast become sour? Why 
may bread set to rise in a cold place have a bad flavor? 

Yeast may be used to promote digestion and to relieve 
constipation. While it appears in these instances to be valu- 
able, its indiscriminate use is not to be advised. Indigestion 
and constipation are at times symptoms of serious disease 
for which yeast would be of no value. 

Vegetables. — Irish potatoes, to become mealy instead of 
soggy, should be put into boiling water, and, after they are 
cooked, the water should be poured off, and the pot set on 
the back of the stove for the potatoes to dry. The potato 
water contains nutritive elements and, therefore, may advan- 
tageously be added to soup stocks. Roasting potatoes in the 
oven with their skins on retains their flavor and makes them 
mealy. Onions are better if cooked with the cover off so the 
acrid, irritating oil can escape. Raw cabbage, which is water 
and cellulose, is treated by the stomach as a foreign substance, 
and sent promptly to the intestine. However, it is valuable as 
roughage and for its vitamin C content. If boiled 8 to 10 


minutes cabbage is readily digested. Peanuts are nutritious 
and digestible, if thoroughly chewed. 
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a Eggs are soft boiled by placing in boiling water 
and boiling for three to three and a half minutes. Hard-boiled 
eggs require ten minutes. This gives a mealy yolk. Eggs 
may be cooked by placing them in boiling water and taking 
the pot off the stove. They cook while the water is cooling 
and the albumin is jellied but not hardened. These are coddled 
eggs. Eggs may be baked. They are dropped into a cream 
sauce and then baked in a hot oven. 

The fireless cooker and the pressure cooker. — One 
form of cooking not generally employed is the cooking of 
food by placing it in a closed cabinet with heated stones. This 
is called fireless cookery. A similar but more modern device 
is called a waterless cooker. For quick cooking another form 
has been developed. This consists in cooking food under 
pressure by using a special container that is steam-tight and 
holds in the steam. Pressure cooking shortens the time re- 
quired for cooking. 

Times for eating. — Different nations have various habits 
of eating. The number of meals varies from two to five, or 
even eight, meals daily. Such facts show the adaptability of 
the stomach to different habits. It is an organ which readily 
forms habits, and is greatly benefited by regularity. Three 
meals a day are customary in the United Srates, but a mid- 
morning lunch and afternoon tea are desirable additions. 

Exercise in relation to eating. — Very active exercise tends 
to hinder the work of the stomach, but facilitates that of the 
intestines. For a half hour after a full meal, hard work of 
every kind should be avoided, but hard work an hour or two 
later will aid digestion. The arrangement of the meals must 
take into account the other habits of the individual. For ex- 
ample, if three meals are eaten in twenty-four hours, the last 
ought to be the lightest; but, as business is transacted in large 
cities, a business man can hardly find time for a hearty meal 
in the middle of the day. Hence he does right in eating a 
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lunch at noon, and having the heartiest meal in the evening, 
when the day’s labor is over and there is time to relax. If he 
takes the principal meal in the latter part of the day, he should 
not eat very heartily the next morning or during business 
hours; to do so would surfeit the system. Late suppers should 
not be eaten, as they prevent sound sleep. The lower animals 
may lie down in the shade and sleep after eating, but it is 
only for a short nap. A nap of ten minutes, just long enough 
to bring about relaxation, is often of benefit after a meal. A 
farmer will do a better afternoon’s work if he will rest for half 
an hour after the noon meal. During sleep the heart beats less 
frequently and with less force; the lungs are less active; the 
brain nearly ceases its activities; the muscles relax and become 
motionless; peristalsis and secretion in the alimentary canal 
become slow, and the digestive organs should have rest. If 
a person is troubled with sleeplessness, some light, digestible 
article of food taken just before retiring may bring sleep; but 
it should be taken simply to regulate the circulation, and 
should be so digestible as to give little work to the stomach. 

The rule that every individual must be a law unto himself 
may be abused by those who consult their appetites alone 
without reference to scientific fact and their common sense. 
If we believe that regularity in eating is desirable, the stomach 
and appetite can be trained to it, although’if one is used to 
eating at all times, the desire to do so may remain for a time. 
Emaciated and half-starved persons may suffer from want of 
appetite, but it may be a sign that they should increase the 
activity of other organs, as the muscles, not that they should 
follow the guidance of appetite and eat insufficient food. 

A good and healthy appetite comes from the expenditure of energy 
and rebuilding of the tissues, and a person with such an appetite 
enjoys most the simple foods that will best give energy and 
build tissue. The finest pleasures of eating are for those who 
have appetites of this kind, not for the epicure or glutton. 
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This is only one example of the general truth that mere pleas- 
ure seekers do not have the best pleasures; but they enjoy life 
most whose living is complete, all the duties and pleasures of 
life being given their proper place. 








LaxaTIVE Foops CONSTIPATING Foops 


1. Whole-wheat and graham flour prod- | 1. White-flour bread, hot 
ucts, such as bread, crackers, Pastry made with lard and baking 
gems, biscuits, mush powder preparations 
Cake and custard puddings 
2. Fruits such as prunes, dried, stewed 
peaches, fresh fruits of all kinds | 2. Meats 
Salted, dried and smoked meats 


3. Vegetables Poultry 
Beets Salted and dried fish 
Celery 
Corn 3. Vegetables 
Cauliflower Beans, dried 
Onions 
Peas, green 4, Cereals 
Rhubarb Rice 
Spinach Farina 
Squash 
5. Miscellaneous 
4. Meats Cheese 
Wild game, as rabbit, duck, pi- Cocoa and chocolate 
geon, quail, deer, etc. Milk, boiled 
Liver Tea 
Coffee substitutes, made of wheat, 
5. Oysters corn, and barley 


SS ee 


Constipation and hygiene of the bowel. — As the undi- 
gested part of the food passes through the colon, it gradually 
loses its water and becomes semisolid. This is waste material 
and should be removed daily by a regular habit of emptying 
the bowel. For most persons, immediately after breakfast is 
the time to be preferred. If the bowel is allowed to remain 
filled with its waste contents, headache and lassitude may re- 
sult. There may be many causes for constipation, and there 
are many remedies proposed. An examination of some of the 


most common remedies is important. 
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The use of foods in constipation. — It is generally recognized 
that improper selection of food may play an important part 
in the production of the disturbance; hence, constipation may 
be combated by adding laxative foods to the diet and avoid- 
ing those that constipate. It follows that we should know 
the foods that are laxative from those that are constipating 
and use this knowledge with reference to the selection of 
proper foods. All do not need a choice of laxative food and 
no rule can be made for all people. Food must be selected 
with reference to the individual’s need. 

Some foods, such as foods containing seeds or husks, act 
on the bowel by mechanical stimulation; others, such as skins 
of fruit and cellulose of green vegetables and fruits, by in- 
creasing the bulk; and others, such as the fruit acids, by 
chemical change. Foods that are highly concentrated and 
tefined, without appreciable bulk or waste material, are likely 
to be constipating. Vegetables and salads are valuable for 
their bulk and the latter also because the salad dressing con- 
tains oil that tends to be laxative. 

The use of drugs. — There are many different preparations 
employed for securing activity of the bowel. The physician 
uses some drugs that act directly upon nerve endings, but 
the layman employs drugs that act either as irritants to the 
mucous membrane or as agents to change the water content 
of the bowel. 

The irritants to the mucous membrane. — The common 
drug used for children is castor oil. It should not be used 
daily or frequently, because frequent use tends to cause in- 
flammation of the bowel. It is admirable for its purpose as a 
thorough cathartic. It should never be used when there is pain 
in the stomach. This pain may be a sign of beginning appen- 
dicitis and castor oil or any cathartic at such a time is dangerous. 

Calomel is used by adults, and in some sections of the 
country, notably in the South, the Practice of using calomel 
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is quite common. It is a strong irritant to the mucous mem- 
branes of the canal. It should always be followed on the 
morning after by a saline cathartic to remove any excess of 
the calomel that may have remained in the bowel. 

Cascara is a common household cathartic. It is used in 
both the tablet and liquid form. 

The salines. — The saline cathartics are the salts of sodium, 
potassium, and magnesium. The names for the common 
preparations used are Epsom salts, magnesium citrate, seidlitz 
powder, and sodium phosphate. These salts act by causing 
fluids to pour into the intestine and, by increasing the bulk 
of the material and by softening the contents, favor their 
movement along the canal. 

These drugs are effective, but since they do not remove 
the cause of the difficulty they must be repeated and hence 
there is the continual need for their use if the condition 1s 
not corrected. 

Patent medicines. — Constipation is such a prevalent dis- 
turbance among people that many tonics and patent medi- 
cines are advertised. They rely upon some cathartic drug that 
they contain to produce effects. It is impossible here to dis- 
cuss all the preparations that are on the market. There is a 
style or vogue in such things just as there is in clothes. ‘This 
is in part due to advertising and in part to the word-of- 
mouth recommendation that many people are so eager to 
give to others. Good advice to follow is to take such 
drugs only after they have been recommended by a competent 
doctor. 

Agar-agar is a preparation made from several species of 
seaweed. It has the power to absorb water and thus forms a 
jellylike material. This power to absorb water gives it bulk 
and this is desirable, but because of its nature it acts as an 
ure medium for intestinal bacteria and hence 


excellent cult . 
Mineral oil of the Russian of 


may be quite undesirable. 
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American variety is quite popular today. It serves to soften 
and increase the bulk of the intestinal contents. The oil is 
not absorbed but it does prevent the absorption of carotene 
(vitamin A), vitamin D, calcium, phosphorus, and vitamin K. 
It should not be used. 

Overweight and underweight. — The height of the indi- 
vidual is determined largely by heredity. Although the weight 
is, to some extent, an expression of the influence of heredity, 
it is more an indication of the foods used in nourishing the 
body. 

The table inserted gives the height and weight for indi- 
viduals according to age. In youth it is quite common to 
find underweight prevalent; in adult life the problem of 
overweight is more marked. From the point of view of health, 
it is better to be overweight in youth and underweight in adult 
life. “s 

Underweight. — Food alone may not be the cause of the 
malnourished condition. Defective teeth, diseased tonsils, 
inadequate sleep, and other bodily conditions may make it 
dificult for the body to use effectively the materials eaten. 
The rules of health as given in the first chapter are important 
in this connection. 


For the boy or girl underweight, the following points should 
be noted: 


1. Remove defects that can be corrected, such as defects of 


vision, adenoids, enlarged and diseased tonsils, decayed teeth, 
nasal obstructions. 


2. Secure from 10 to 11 hours’ sleep at night. 

3. Spend a part of each day out of doors, at least an hour. 

4. Avoid participation in vigorous play, but engage daily in mild 
forms of physical activity. 

5. Steadfastly refuse to worry. Think not about yourself but 


become interested in the work and interests of others or a task of 
your own that will not require worry. 
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6. Eat foods that provide abundance of calories and the essential 
vitamins. Drink milk at every meal. Eat slowly. 


Overweight. — The short stocky person will weigh more in 
proportion to height than the race-horse type of person. 
These differences of type account for considerable variation 
in weight from the normal. In overweight as in underweight, 
however, it is not this type difference that is important, but 
the other signs of malnourishment or overnourishment. For 
the latter, the presence of excess fat on the body is the signifi- 
cant thing. If the weight is made up of bone and muscle, one 
need not be concerned about being normal. But when one 
who is overweight is carrying excess fat, then such condition 
should be corrected if possible. With some persons, obesity 
is a disease due to malfunction of the glands of internal secre- 
tion. Ordinary overweight, however, can be corrected or 
greatly improved by attention to the following: 


1. Reduce the amount of food eaten, especially the fats and 
sugars. 

2. Take cold baths every morning. For some persons this may 
not be desirable due to the condition of the heart. 

3. Indulge in vigorous outdoor physical activity every day. 


Some girls and women, in their effort to be slender, reduce 
the intake of food too much. Physicians report serious results 
“a numerous cases. While excess fat in large amount is not 
desirable, it is also true that one must not lose weight too 
rapidly. Plans for reduction of weight should always be under 
the supervision of a physician. | 

The appetite and smoking. — Smoking before meals im- 
pairs the appetite and retards the flow of digestive juices. 
Smokers should not smoke for an hour before eating. Some 
persons smoke during a meal. This is a most unhygienic 
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FACTS TO REVIEW 


1. What effect has fear on the digestive tract? 

2. Why is instinct not an adequate guide for man in choosing 
food? When is hunger a safe guide? 

3. What is a food fad? Describe those you know about. 

4. Is vegetable or animal protein more compl€tely utilized? 

5. Discuss the special advantages for food of milk, fish, grains, 
nuts, vegetables. 

6. What are the three ways of grinding wheat to make flour? 

7. Why does wheat bread rise better than corn bread? 

8. Why is corn bread one of the most fattening of grain foods? 

9. Why should pork be cooked thoroughly ? . 

10. What are the dangers of being underweight and of being 

overweight? | 


QUESTIONS TO THINK ABOUT 


1. Why should bread remain longer in the mouth than meat? 

2. Clothing and shelter for man or beast economize what kind 
of food? 

3. Why is it chat you can tell best about the digestibility of 
bread while you are slicing it? 

4. What kind of persons would not find it well to take a long 
walk before breakfast? 

5. Under what conditions should meals be eaten ? 

6. Why are late suppers unhealthful ? 

7. How do you explain the difference in the way a dog eats 
meat and a horse €ats grain? (Compare with question 1.) 

8. In snowballing what is the appearance of the hands when 
they itch from cold? Why does ice-water not satisfy the thirst, 
but often produces a craving to drink more water? 

P e Why is it more difficult to swallow a small pill than a large 
: Why does not fat meat taste as good in summer as in winter? 
- Why, during an epidemic, are those who have used alcohol 

asa beverage usually the first to be attacked? 
a aon how it is that when people speak of an inactive liver 
y y mean an overworked one. Why are they so mistaken? 
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13. Can success in business be reconciled with healthful living ? 
Where is the ‘‘successful’ business man apt to fail? . 

14. Do you buy more wood (cellulose) when you buy beans 
or when you buy nuts? 

15. Do you buy more water when you buy bread or when you 
buy meat? 

16. What are the disadvantages of using drugs for constipation? 

17. Discuss the use of patent medicines. Is it not wise to forego 
taking such medicines unless prescribed by a doctor? 

18. What advantage in digestibility may a hot biscuit have over 
a loaf of stale bread? Vice versa? 

19. Some people hold that the eating of much meat causes an 
irritable temper. Does your observation of others or your personal 
experiences confirm or disprove this? 

20. Why do people who live in overheated rooms often have 
poor appetites ? 

21. What effect does smoking have upon appetite? 

22. Do you weigh what you should for your age, height, sex, 
and type of build? 

23. Why should plans for weight reduction be under the super- 
vision of a physician? 


INTERESTING THINGS TO DO 


1. Experiment — To study the changes which take place in 
the digestion of starchy foods in the mouth. 

Material. — Crackers, Fehling’s solution, test tubes. 

Method ana observation. — 

(a) Test an unsweetened cracker with Fehling’s solution for 
sugar. Note the result. 

(b) Test some saliva with Fehling’s for sugar. Note the result. 

(c) Chew some of the unsweetened cracker and test some of 
this chewed cracker with Fehling’s solution. Note the result. 

What conclusion would you draw from this experiment as regards 
the digestion of starch in the mouth? With observation of other 
people what conclusion could be drawn as regards such digestion? 

2. Experiment — To study cooking processes. 

1. Try at home cooking rice and then washing it in a colander 
and compare the result with that obtained by washing the rice 
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before cooking. The washing process removes the sticky gluten 
that has been set free by the cooking process. 
2. Notice the difference in the white (albumin) of a fried egg 


and a boiled egg. 
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THE CIRCULATION OF THE BLOOD 


How the circulation of the blood serves the body 
The nature of circulation 
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The work of the red corpuscles 
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Counting the cells of the blood 
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The work of the plasma 
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Adaptation of the vessels 
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How to take the blood pressure 
Modification of. pressure and blood flow 
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The heart rate 


How the circulation of the blood serves the body. — It 
will be recalled that the tissues composing the body are made 
up of cells; that these cells are active and must have food; that 
the food for the cells is the nutritive food elements (protein, 
fat, and carbohydrate) and the non-nutritive food materials 


(water, vitamins, and salts); that some of these substances 
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undergo slow combustion in the tissues; that this combus- 
tion or uniting with oxygen gives rise to carbon dioxide and 
other waste substances. The blood which serves as the vehicle 
for the transportation of food and the removal of waste from 
the cells to the excretory organs has other important func- 
tions. For instance, it also serves in equalizing the tempera- 
ture of the body. The heat of the body is continually kept 
at a certain point (98.6° F.) in health by the blood vessels 
bringing to the surface of the body the heated blood and 
allowing radiation of this heat to occur. The blood also serves 
to protect the body from infections by having in its plasma 
substances which protect the body. The blood also carries 
secretions from internal glands which control growth and 
development. | 

The nature of circulation. — To have a circulation, there 
must be a fluid, a pump, and a system of tubes or passages 
through which the fluid is forced. Ina city water system, the 
fluid is the water, the power station provides the pump, and 
the mains «re the tubes. In the body the fluid is the blood, 
the pump is the heart, and the tubes are the arteries and veins. 
In studying the circulation, therefore, we must study the blood, 
the heart, and the blood vessels. 

Composition of the blood. — The best-known fact about 
blood is its bright red color, which is nearly scarlet in the 
arteties and of a deep red in the veins. When seen under the 
microscope, blood no longer appears of a uniform red color. 
It is found to consist of a clear, colorless liquid called plasma, 
in which floats a multitude of smal] bodies called corpuscles or 
blood cells. The corpuscles themselves are seen to be of two 
kinds. By far the greater number are round, yellow, and 
flattened, but a few, perhaps one in four hundred, are round, 
white, and globular, and larger than the yellow ones (Fig. 181). 
The yellow ones are called the ted corpuscles, because the 
light shining through a great number of them gives the blood 





From Bailey, “Textbook of Histology” 


Fig. 181. Examine the diagrams of the following: 1. Red blood cells. 
2. Platelets. All the others are white blood cells, as follows: 3. Lymphocytes. 
4. Monocytes. 5. Leucocytes called basophiles because they take a basic 
stain. 6. Leucocytes called neutrophiles because they take both basic and 
acid stains. 7. Leucocytes called eosinophiles because they take an acid 
stain. 

Having examined the above blood cells, test your observation by answer- 
ing the following questions: 1.Why are red cells coiled disc-like? 2. Do 
the leucocytes have many nuclei or many-shaped nuclei? 3. Are the granules 
of the eosinophiles larger or smaller than those in the neutrophiles? than 


those in the basophiles? 4, Which are larger, lymphocytes or leucocytes? 
lear? 6. Are platelets white blood cells? 


5. Are lymphocytes mononuc 
7. How many leucocytes are shown? 8. Are red blood cells larger than 


leucocytes? 
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a red color. The white ones are called the white corpuscles. 
The following presents in tabular form the elements making 


up the blood: 








red blood cells 
( CELLS | Lymphocytes 
white blood cells 
leucocytes 
water — 90 per cent 
{ oxygen = 
gases | carbon dioxide 
nitrogen 
albumin 
Blood ( protein + globulin 
| fibrinogen 
food 
carbohydrate — giucose 
[fat 
chlorides | Sodium 
| PLASMA ¢ inorganic | carbonates potassium 
salts sulphates calcium 
phosphates magnesium 


waste 
products — urea, uric acid, and others 


protective 
substances — agglutinins and others 


growth and action 
| determiners — endocrine secretions 


CL kh 

The work of the red corpuscles. —'The red corpuscles serve to 
carry oxygen (Fig. 182). They contain a substance in their 
protoplasm which has the power of combining chemically 
with oxygen. This substance is hemoglobin, Hemoglobin is a 
compound of iron (hematin) and protein (globulin). The 
presence of the iron accounts for the capacity of the red cor- 
puscle to carry oxygen. When the red cell passes in the pul- 
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monary vessels through the lungs, the hemoglobin “takes up’’ 
oxygen in accordance with the needs of the body. This is an 
important fact. When the body has used oxygen in large 
amounts, the red cells will be depleted and 
so will take up more when they make their 
next trip through the lungs. Thus, oxygen is 
carried to the tissues in accordance with the 
needs of the cells. One cannot store up oxy- 
gen in the tissues. 

Anemia. — The number of red cells in the 
blood is 5,000,000 per cubic millimeter. If 








Fig. 182. a rep- 
resents human every red cell contains its full quota of hemo- 


blood corpuscles, . : 
Sone a ee oak globin, and the number of cells is normal, 


view; 0, frog’s then the amount of hemoglobin in the blood 

blood corpuscles, . 

Se naeiccae vl be normal. If, however, the number of 

ral They are cells is reduced, or if the hemoglobin in each 

rawn to the same : 

Seite. cell is decreased, then the amount of hemo- 
globin is diminished. Reduction in the 

amount of hemoglobin is called anemia. Thus anemia may 

represent a decrease in the number of red cells in the 

blood or reduction of the amount of hemoglobin in each 

cell. 

It is not known that improper hygiene has anything to do 
with the cause of anemia, but it is clear that good hygiene 
has a great deal to do with the correction of anemia. Thus, 
outdoor air and sunshine, foods containing iron, and ade- 
quate sleep and rest are essential in addition to removal of 
the cause. 

Counting the cells of the blood. — In counting the cells of the 
blood, a cubic millimeter of blood is secured by pricking 
the end of the finger with a sterile needle and taking up, by a 
small graduated tube, the desired amount. This cubic milli- 
meter of blood is then diluted to a known amount and some 
of the diluted blood is placed on a glass slide ruled to give 
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numerous cross lines for a certain area. The cells that fall on 
this area are then counted and calculation made for the dilu- 
tion and the size of the ruled area. This procedure in the 
hands of an expert, who knows the technic, gives a high 
ree of accuracy. 

ae work of ih white corpuscles. —'The blood of healthy 
persons possesses a certain power of destroying organisms 
of disease which may enter the body; this is called its germi- 
cidal or germ-killing power. The germs are minute one-celled 
organisms to be seen only through a powerful microscope. 
Some float in air; others are found in liquids or solids. Most 
kinds of germs are not harmful to man. The germ which gets 
into milk and causes it to turn sour is of the harmless class, 
as is the yeast germ, a microscopic one-celled plant which 
obtains its nourishment from sugar. 

The germicidal power of the blood rests in part, at least, in 
the white corpuscles. When the flesh is cut, or when bacteria 
lodge in the tissues, these little Scavengers may be seen col- 
lecting at che danger point in great numbers: some of the 
germs are devoured bodily by the white corpuscles; others are 
killed probably by substances in the plasma which were formed 
by these little guardians. In no way is the provision for our 
welfare better shown than by the existence of these corpuscles 
(Fig. 183). 

The work of the plasma. —That the blood may flow readily 
through every little tube, it must be liquid, hence a large part 
of it is water. The water is important also as a solvent for the 
salts, waste products, food, and other substances carried. 
The gases present in the blood are nitrogen, oxygen, and car- 
bon dioxide. The nitrogen is inert and is absorbed physically. 
The oxygen is in chemical combination with the hemoglobin 
of the red corpuscle. The catbon dioxide, which results from 
combustion in the cells, is removed by the blood and carried 
partly in chemical combination with various salts and partly 
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in physical solution in the plasma. The food elements are all 
represented. The proteins are represented in albumin, globu- 





= Capillary 
Wall 


———— ee 
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Fig. 183. White corpuscles migrate through 
the walls of capillaries. They are here shown 
in different stages of migration. The red 
corpuscles remain in the stream. 


lin, and a special pro- 
tein concerned in co- 
agulation. 

If some blood from 
an animal is allowed to 
stand in a vessel, it 
soon becomes a red, 
jellylike mass. This 
change is called coagu- 
lation. If we let the 
coagulated blood stand, 
it gradually separates 
into two parts —a light 
yellow liquid called 
serum, which is col- 
ored by a few blood 
cells, and a_ semi- 
solid mass called the 
clot, which contains 


most of the cells together with some threadlike fibers 


(Fig. 184). 


The process of coagulation depends upon certain chemicals 
normally present in the blood. As long as the blood flows in 


the vessels, it remains fluid, 


but when an injury occurs some 


of the delicate cells of the blood, the platelets, break down and 
set free thromboplastin. This substance in the presence of cal- 


cium activates prothrombin already 


present in the plasma and 


changes it to thrombin. The thrombin causes the fibrinogen of 
the plasma to coagulate in fine threads which enclose numer- 
ous blood cells, forming a mass of fibrin. The result of this 


process is a clot. 
follows: 


These various steps may be diagramed as 
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BLOOD 
Plasma Cells 


Platelets 
Fibrinogen Calcium 


Prothrombin<————————_ T hromboplastin 


Thrombin 


oH 


Fiprin 


The portion of the plasma that remains liquid is composed 
of the water with all the other elements in solution. The car- 
bohydrate element is represented by glucose. The fats vary in 
amount. During digestion the fat content is higher than in 
the intervals between digestion. The salts of the plasma are 
mainly salts of sodium. There are some potassium salts in 





Fig. 184. This diagram shows the process of coagulation. A, fresh 
(corpuscles and plasma); B, coagulating (formation of fibrin); C, coagu- 


lated (clot and serum). Plasma minus fibrinogen equals serum. Corpuscles 
plus fibrin equal clot. 


the corpuscles, but the inorganic matter is represented largely 
by the salts in the liquid portion of the blood. 

The waste products which result from the breaking down 
of chemical compounds in the production of energy are pres- 
ent in the blood on their way to the organs of elimination, 
the kidneys, skin, and lungs. Urea and uric acid, which arise 
mainly from protein oxidation, carbon dioxide, which comes 


from the breaking down of carbohydrate, and fat are the chief 
substances. 
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The protective substances in the plasma serve to destroy or 
render harmless organisms of disease. It is known that many 
diseases produce zmmunity, a condition that protects the indi- 
vidual ever afterwards from that disease. Some of these sub- 
stances act separately and others in conjunction with the 
white corpuscles. According to their function, they have been 
given names, such as bacteriolysins (to dissolve bacteria), 
agglutinins (to produce a cluster), precipitins (to cause a precip- 
itate), opsonins (to prepare as food for). The last three are 
apparently concerned more with making it possible for the 
white corpuscles to attack the invading organisms. 

It has been learned recently that one of the blood proteins, 
called gamma globulin, protects against measles. Persons who 
have had measles develop gamma globulins in their blood 
which protect them in the future from attacks of the disease. 
When another person, a child who has not had measles, is 
injected with some of the gamma globulin, he also is protected 
from the disease. 

The substances that determine growth and action are pro- 
duced by glands in the body. The secretions are taken up 
by the blood, and, in some way not clearly known, influ- 
ence the growth and development of the body. The glands 
producing these secretions are the thyroid, parathyroids, 
thymus, pituitary, pineal, adrenals, pancreas, ovaries, and 
testicles. 

Blood typing. — If the red corpuscles from a rabbit are placed 
‘na test tube containing blood plasma from a dog, the rabbit 
cells cluster in groups. As the process continues, the red cells 
are broken down, the hemoglobin escapes, and the cells are 
destroyed. The grouping in clusters is called agglutination, 
and the destruction of the red cells is called hemolysis. The 
plasma of the dog's blood agglutinates and hemolyzes the red 
cells of the rabbit. This action described is true for all bloods 


of different species. Indeed, it occurs in bloods of the same 
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species. Hence when blood is given (transfused ) from one 
person to another it is necessary first to examine the two 
bloods to determine whether or not agglutination and hemoly- 
sis will take place. This is called blood typmg. When the type 
shows no hemolysis, then transfusion may be performed. 





U. S. Signal Corps Photo 


Fig. 185. Blood plasma saves many lives because it can be given at the scene 
of an accident. 


Blood and plasma banks. — The transfusion of blood from 
One person to another is often the sole means of saving life, 
but until recently it was a very complicated and dangerous 
operation even in a hospital. During World War II it became 
a very common practice, often performed right ‘on the battle- 
field (Fig. 185). Before the development of present technics, 
transfusion was not easy because of the danger of the blood 
forming a clot. Modern technics have overcome this hazard 
and also have devised methods for keeping blood for days 
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Baca kg seca seen GROMER 
ater by the simple addition of 
sterile water. 

During the war the blood bank was as well advertised as 
war bonds and the achievements of our military forces. Blood 
banks were under the supervision of the American Red Cross. 
In the operation of a blood bank the blood is collected, mixed 
with certain chemicals, usually sodium citrate, to prevent 
coagulation, typed, tested for purity, and stored at a tempera- 
ture between 4° to 6° C. 

The use of blood and of plasma for shock and hemorrhage 
saved many lives. With the development of air transport and 
improved containers for the blood, whole blood was collected 
and flown overseas to be used a few hours afterwards. Whole 
blood was shipped successfully across the Pacific by air in an 

insulated container in which the bottled blood was placed in 
racks around a large compartment of cracked ice. Tempera- 
tures inside planes in the Pacific often reached 130° F., but 
this method kept the blood to be used in treating the wounded 
at a temperature between 40° and 45° F., which is satisfactory. 

The heart as a pump. — The organ which gives the push 
or impulse to the blood and causes it to circulate in the tubes 
or vessels is the heart (Fig. 186). The tubes that conduct the 
blood away from the heart to the organs and tissues are called 
arteries. The tubes through which it returns to the heart are 
called veins. The very small tubes that take the blood from 
the arteries to the veins where it begins its return journey are 
known as capillaries. The blood must circulate in order that 
it may go to the digestive organs to get food, or to the lungs 
to get oxygen. It must likewise go to all the tissues to dis- 
tribute this nourishment, as well as to carry away waste mate- 
tials to the organs that function in elimination. Can you see 
jn your mind the dark color of a piece of beef and the lighter 
color where a fresh cut is made? Blood going from the lungs 
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to the tissues is bright red, about the color of a piece of new 
beef when the knife cuts into it. The blood going from the 
tissues to the lungs z 
is darker, about the yet SA£1L) pumonary 
color of the outside cy s 
of the piece of raw Syperion ca ZY 
beef some time after mas 
it 1S Cut. Veins 
The heart, which is 
situated in the chest  pigar 
between the two 77°” 
lungs, is a hollow 
muscle and has the © srerior 
remarkable power of =” “* 
contracting and fe- Right Ventricle 
laxing itself with peri- Aorta 
odical regularity. The Fig. 186. The arrows indicate the course of 


movement of con- the blood through the heart. The darker 
vessels contain the impure blood. 















IM) 
Wy 7 


Yi, 





















mm mn 








VY 


Uy 1 Vf 
te WHI} 









Lett 
Ventricle 


traction is called the 
systole; the relaxation is called the diastole. The period of systole 
is the systolic phase; the period of diastole is the diastolic 
phase. 

The heart is divided by a vertical partition into halves 
(Fig. 186). The right half receives the dark blood from the 
body and sends it to the lungs. The left half receives the 
bright blood from the lungs and sends it to every part of the 
body. Each half is divided also by a horizontal partition, but, 
unlike the vertical ones, these Partitions are pierced with open- 
ings for communication. The heart, thus, contains four cham- 
bers: the two upper ones are called auricles, the two lower, 
ventricles. The right auricle communicates with the right ventri- 
cle just below it, and the left auricle with the left ventricle. 

How the heart works. — From all parts of the body (except 
the lungs) the blood arrives at the right auricle dark red in 
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Fig. 187. The blood on the 
right side of the heart flows 
through the tricuspid valve into 
the ventricle. 


color and charged with carbon 
dioxide, a gas that is unfit for 
supporting life. The blood has 
come through two large veins, 
the superior vena cava, from the 
head and arms (Fig. 186), and 
the inferior vena cava, from the 
lower parts of the body. The 
first chamber of the heart that it 
enters is the right auricle. The 
auricle contracts and presses the 
blood into the right ventricle 
(Fig. 187). It begins to squeeze 
together just around the open- 


ings of the veins, so that it closes their openings. The 
blood, owing to this, cannot go back into the veins, but is 
forced into the ventricle. The right ventricle, thus filled with 
blood, at once begins to contract. The first effect of the pres- 
sure thus produced is to force blood behind the flaps of the 
tricuspid valve, the valve between the auricle and ventricle, con- 


sisting of three flaps made of 
white fibrous tissue. While the 
blood behind the flaps brings 
the flaps together and is blocked 
(Fig. 188), the contraction of 
the ventricle continues until the 
blood presses hard enough to 
open the semilunar valve and 
go on into the pulmonary artery 
(Fig. 188). The semilunar valve 
opens when the pressure in the 
ventricle is greater than the 
pressure in the pulmonary artery. 
When the ventricle has emptied 


/y 


Fig. 188. When the blood goes 
through the pulmonary artery to 
the lungs, the tricuspid valve is 
closed and the semilunar open. 
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itself, it relaxes. The semilunar valve is composed of three 
pockets, which the swollen pulmonary artery fills with blood 
as soon as the ventricle begins to relax. The pockets of 
the valve are thus pressed together, and no blood flows back 
into the ventricle. As the auricle was relaxing while the ven- 
tricle was contracting, it is already filled with blood that has 
flowed in from the veins. After a short pause, it again con- 
tracts; and the same action is repeated. More and more blood 
is thus driven by the right ventricle through the semilunar 
valve into the pulmonary artery, so that the blood which is 
already in the artery is sent on through the numerous small 
branches and through the multitude of fine tubes called capil- 
laries, which go through every part of the lungs. 

In the lungs the carbon dioxide passes into the air passages, 
and the oxygen brought by the breath goes into the blood of 
the capillaries, which changes in color to bright red. The 
capillaries unite again to form the pulmonary veins, which lead 
back to the heart. We thus see how the blood is sent from 
the heart through the lungs and back to the heart. How is 
the blood sent through the body and back to the heart? We 
shall find that this is done by the left side of the heart; that - 
the two ventricles, acting like pumps, work in unison; that, 
in fact, a wave of muscular contraction starting at the top of 
the heart passes downward over both sides of the heart at 
once, for both auricles contract at the same time and then relax 
as the contraction passes to the ventricles. 

The pressure from the right ventricle keeps the blood moy- 
ing through the pulmonary artery, the capillaries of the lungs, 
and the pulmonary vein. It returns to the heart again, and 
this time it enters the left auricle. When the left auricle is full, 
it contracts and drives the blood through the mitral valve 
into the left ventricle (Fig. 189). As the left ventricle fills, 
the flaps of the mitral valve float upward and the beginning 
contraction of the ventricle closes tight the opening to the 
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left auricle. The pressure developed within the ventricle opens 
the semilunar valve in the mouth of the great aorta, which is 
the large artery carrying the blood from the left ventricle. The 
aorta takes the blood to every part of the body except the lungs. 
It gives off smaller arteries, and the division is repeated until 


Ll) 


a 
\ 





Fig. 189. This is a view of the orifices and valves of the heart from below, 
the whole of the two ventricles being cut away. 4, aorta; b, pulmonary 
artery, each with its three cusps of the closed semilunar valves seen convex 
from below; c, opening between right auricle and right ventricle, sur- 
rounded by three flaps of the tricuspid valve with chorde tendinez between 
them, to which three cords are tied, taking the place of the papillary mus- 
cles; d, opening between left auricle and left ventricle, with two flaps, of the 
mitral valve and chorde tendinea, to which cords are tied. 

This figure shows the roof of the two ventricles, with the two great valves 
by which the blood enters the ventricles and the two great valves by which 
it leaves them. All the openings of the ventricles are upward. 


arteries are supplied to every organ and tissue. In the tissues, 
the arteries empty into smaller tubes called capillaries. The 
aorta, with its branches, becomes distended with blood, and 
as more and more is forced into it by the left ventricle at each 
heart beat, the distention is kept up, and some of the blood 
already in the aorta is forced along its branches. The same 
pressure forces it through the capillaries and into the veins. 


THE CIRCULATION OF THE BLOOD 


The blood flows slowly 
through the capillaries and 
performs its function of ex- 
changing substances needed 
for those used up. It next 
goes into the veins on the 
return journey to the heart, 
where it enters the right au- 
ricle again, which was our 
starting place in this descrip- 
tion (Fig. 190). 

The circulation traced. — 
The blood comes from the 
tissues through the veins 
and enters the right auricle, 
goes through the tricuspid 
valve into the ventricle, then 
through the semilunar valve 
into the pulmonary artery. 
Traversing the capillaries of 
the lungs, it goes by the pul- 
monary veins to the left au- 
ricle, then through the mitral 
valve to the left ventricle, 
thence into the aorta by the 
semilunar valve, thence to the 


capillaries of the system, thence to the veins. 
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Fig. 190. This diagram illustrates 
circulation; a, right auricle; b, left 
auricle; c, right ventricle; d, left 
ventricle; e, vena cava superior; 
f, vena cava inferior; g, pulmonary 
arteries; h, lungs; i, pulmonary veins; 
J, aorta; k, alimentary canal; 1, liver; 
m, hepatic artery; m, portal vein; 
0, hepatic vein. Follow the arrows 
and see whether you come around to 
the starting point again. 


Through the 


veins the blood returns to the heart, completing the circulation. 
Disease of the heart. — It has been learned how the blood 
is sent from one part of the heart to another and then at cer- 


tain times into the great vessel 
This function of the heart is d 
of its parts. Due to diseases 
fases as rheumatism, tonsillitis, and syphilis, 


S connecting with the ventricles. 
ependent upon normal condition 
of the heart following such dis- 


the valves may 
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be injured and hence fail to do their work properly. This type 
of injury may cause a shortening of the valve flaps so that 
when the ventricles contract to force blood into the aorta or 
into the pulmonary artery, it leaks back into the left auricle 
or the right auricle. Or the injury may cause a puckering of 
the valve tissues and a constriction of the valve opening, so 
that only with the greatest difficulty is blood forced from 
the auricles to the ventricles, or from the ventricles to the 
arteries. 

Rheumatism and the heart. — Today organic heart disease is 
a more common cause of death than tuberculosis. The injury 
to the heart comes from the poisons of disease and particularly 
those from tonsillitis, rheumatism, and syphilis. Rheumatic 
infection may be present in a mild form and the individual 
show only vague signs such as paleness, an occasional attack 
of fever not otherwise explained, and so-called © growing 
pains.” Cheadle found a history of rheumatism twice as fre- 
quent among those with “growing pains” as among those 
free. All cases of rheumatism need treatment. 

Other diseases and poisons also injure the heart. Scarlet 
fever, diphtheria, and acetanilide (a drug found in most head- 
ache powders) are the most common. 

Blood vessels as tubes. — The blood tubes are built of 
tissues so arranged that they provide the correct kind of tube 
needed for the circu- 
lation of blood in the 
body. 

In order to under- 
stand how the arter- 
ies, veins, and capil- 
laries are adapted to 


Fig. 191. Here a transverse section of part : ; 
of ne wall of an artery is highly magnified. their work, we will 
a, epithelial (endothelial ) layer, or inner coat; study their anatomy. 
b, muscular layer, or middle coat; c, outer coat, We Tait aloe 
consisting of connective tissue. 
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kinds of tissue (Fig. 191) used in their construction: aa 

tissue to prevent friction; connective HSsne: tC ae ee 

strength and elasticity; and muscular tissue to enable the 
hange in size. 

ae of the vessels. — The epithelial tissue forms the 

innermost layer of the vessels. The endocardium or inner lin- 

ing of the heart is formed of this membranous layer, and is 





From Bailey, “Textbook of Histology” 
Fig. 192. A magnified network from the membranes of the brain shows: 


a, vein; b, arteriole in its exterior aspect; c, the open channel of capillaries; 
d, small capillaries. 


continued throughout the arteries, capillaries, and veins. In 
those vessels, the inner coat is called the endothelium. The 
epithelial cells forming this smooth layer are thin and flat, and 
serve to diminish friction. It has been taught for some time 
that the walls of the capillaries consist simply of this epithelial 
membrane (Fig. 192), but it can be demonstrated that they 
constrict and dilate. This contractile power is attributed to 


small contractile cells (Fig. 193), called pericytes. 
The middle coat which is mu 
arranged in circular fashion. The 


the arteries than in the veins, put is present in both. 
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The coat which forms the outer surface of the artery is made 
of connective tissue that consists of both white fibers and 
yellow elastic fibers (Fig. 191). In fact, some of the yellow 
elastic fibers (Fig. 191) are found also in the other coats. 





From Bailey, “Textbook of Histology” 


Fig. 193. The contractile power of the capillaries of the heart is due to 
contractile surface cells called “pericytes.” The middle coat, which is 
muscular, of the blood vessels of the heart is made up of cells arranged in 
circular fashion. 1, 2, 3, 4 show muscle fibers in different windings. 5, 6, 


pericytes. 

The muscular and connective tissue layers become still thicker 
in the larger arteries. So the wall of an artery consists of three 
layers: (1) the endothelium; (2) the muscular coat; (3) the 
connective tissue coat on the outside (Figs. 191 and 194). 
The arteries are, therefore, very firm and elastic, and do not 
collapse when they are cut, but stand open, and the flow of 
blood through them is unobstructed. The walls of the veins 
consist of the same three layers. Their walls are not so thick 
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as those of the arteries, for the muscular and connective tissue 
layers are much thinner (Fig. 194). When a vein is ee it 
collapses; that is, the thin walls fall together, and the bleeding 
is stopped unless the vein is large. 





Fig. 194. The cross section of an artery, A, and ofa corresponding vein, 
B, shows the greater amount of muscular tissue in the artery. Notice the 
nuclei of endothelial cells of both. a, endothelial cells; b, muscular coat; 
c, connective tissue. 


Adaptation of the vessels. —The white fibers of the connec- 
tive tissue coat (Fig. 191) give strength and firmness to the 
vessel, and the yellow give elasticity. The muscular coat 
enables the arteries and veins to change in size, and the en- 
dothelial layer gives smoothness and prevents friction. Why 
are these three properties necessary to blood vessels? 

Elasticity of the blood vessels. — The aorta and its branches 
are full of blood all the time. When the left ventricle with its 
great muscular walls contracts, the blood cannot move for- 
ward into the narrow arteries and capillaries fast enough to 
make room for the new supply so suddenly sent out of the 
ventricle. Therefore, the aorta becomes more than full. If a 
cup is full, it cannot become “fuller”; not so with an artery. 
The yellow elastic fibers of its connective tissue allow it to 
expand as a thin rubber hose does under pressure. The first 
part of the aorta having expanded to receive the incoming 
blood, the portion of the aorta just ahead of the expanded 
Portion is less tense, or tight, so the stretched elastic fibers 
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contract and force blood into it, expanding it in turn. Thus a 
wave of expansion travels along the blood vessel. It is called 
the pulse and may be most easily felt in the wrists and neck. 
The distended elastic walls exert pressure on the blood in the 
arteries, and this presses some of the blood out of them into 
the capillaries. As much blood as is being pressed on into 
the capillaries is being thrown into the aorta by the beat of 
the heart; so that during life a distention is always kept 
up, and the blood in the vessels is always under pressure. 
Although the arteries may get rid of the additional distention 
following each heart beat, there is a normal distention that 
always remains. It has existed ever since life began, and will 
remain until the heart ceases to beat. The pulse, therefore, is 
only an additional distention following the contraction of the 
ventricle. 

You should not think that the muscular layer actively con- 
tracts and helps to send along the pulse; for the pulse is simply 
the passive stretching and contracting of the elastic tissue, 
resembling a wave traveling across a pond when a stone is 
dropped into the water. The force of the pulse is furnished 
by the heart. What, then, is the purpose of the muscular layer 
in the arterial wall? 

Use of the muscular coat. — The body of an adult contains 
about five quarts of blood. We have learned that the blood 
supplies the substances needed for the activity of each organ. 
If an organ is working, it needs more blood than usual, and 
it is supplied by the other organs that are at fest, they get 
along with less blood for the time. The muscular coat of the 
blood vessels makes this possible. This coat is usually in 
condition of slight contraction, but the nerves controlling the 
muscular coat in the blood tubes of the active organs may 
cease to act, thus allowing the muscular coat to relax and the 
blood tubes to enlarge under the pressure from the heart, so 
that the active organs may obtain the additional supply of 
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blood needed. While this is happening, part of the pressure 
in the blood tubes of the inactive organs is relieved and they 
become smaller. If cold air strikes the face, the nerves stimu- 
late the muscular coat of the blood tubes in the face to con- 
tract more strongly than usual, and the face turns white. This 
driving of the warm blood from the face saves heat to the body, 
which would be lost if the warm blood remained in the skin. 
Thus the amount of blood circulating in any organ is regulated 
by means of the muscular coat of the blood vessels and of the 
action of the nerves upon this coat. 

Use of the inner coat. — We learned that the inner coat of 
the heart and blood vessels is made of epithelial tissue, like 
that which forms the outer layer of the skin, and the smooth 
lining of the mouth and other organs. This lining membrane 
is very smooth and thus friction is lessened. The friction, 
however, is inconsiderable in the large vessels; but in the 
smaller vessels it is greater; and in the minute capillaries it 
becomes of very great importance. We see, therefore, why it 
is necessary to have this smooth coat in the capillaries, al- 
though the muscular and connective coats are not prolonged 
into them. It should be stated here that although the extremely 
minute size of the capillary tubes increases the friction and 
the pressure which the heart must expend in sending the blood 
through them, yet their resistance to the blood flow is lessened 
by their great capacity. The united capacity of the capillaries 
is six hundred times that of the blood arteries that supply 
them. In the capillaries the blood flows slowly like a river 
which flows into and out of a lake. 

Blood pressure. — The force with which the heart sends 
the blood into the vessels and the resistance offered to the 
flow produces a pressure in the arteries. This pressure is 
greatest in the aorta and gradually decreases in the course of 
the vessels until in the veins that come into the heart it has 
fallen nearly to zero. This pressure in the arteries is fluctu- 
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ating. At each beat of the heart it is increased by the push 
given by the volume of blood forced out of the left ventricle; 
but as this wave of pressure passes towards the capillaries, it 
grows less just as the ripples on a lake will decrease in size 
from the point where a stone was thrown into the water. This 
wave of pressure gradually decreases, until in the capillaries 
the flow of blood is constant. After passing through the 
capillaries, the pressure in the veins continues to fall until it 
reaches the heart again. 

We shall learn later how the contractions of the muscles 
and their squeezing effect upon the veins passing through or 
beneath them aid the heart to move the blood; also, how the 
expansion and contraction of the lungs act as a great pump, 
and how these aids, together with changes of posture, enable 
the blood to reach the heart again. If one stands perfectly still 
for some time, the blood, owing to its weight and the lack 
of pressure on the veins, slowly congests in the veins in the 
lower part of the body, and the consequences may be serious. 

Hence the pressure is greatest in the arteries, less in the 
capillaries, and least of all in the veins. 

How the pressure 1s measured. — This blood pressure, as it 
is called, can be measured (Fig. 195) and it is found that for 
normal adults it is nearly constant. The systolic pressure is 
that pressure which exists during the contraction of the heart 
and is stated to be from 110 to 120 m.m. of mercury; the 
diastolic pressure is that pressure existing during the relaxa- 
tion of the heart and is found to be about 80 m.m. of mer- 
cury. It has been found that whatever increases the force of 
the heart beat will increase the blood pressure and vice versa; 


1 Blood pressure is usually measured in terms of millimeters of mercury. This 
means that the force exerted in the blood vessel would support a unit column of 
mercury of a certain height. The height in this case would be 110 to 120 m.m.... 
The examination of college freshmen by Dr. Lee at Harvard, and my own examina- 
tions at the University of Cincinnati, indicate that the normal is higher than the 
120 m.m. usually given. It may be considered normal at 130 m.m. mercury. 
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Photo from Keystone View Co. 


Fig. 195. The blood-pressure machine (sphygmomanometer ) determines 
the force which exists within the arteries under different conditions. 


and whatever increases the resistance to the flow in the capil- 
laries will increase the blood pressure and vice versa. 

The blood pressure is an indication of health in the body 
and hence it is measured to determine certain conditions. The 
instrument used for measuring the pressure, in particular the 
force in the arteries, is called a sphygmomanometer (Fig. 195). 

How to take the blood pressure. —To take the blood pres- 
sure, the cuff of the sphygmomanometer is placed around the 
upper arm above the elbow with the bag on the inner aspect 
of the arm. The tube from this bag is attached to the mercury 


bulb of the apparatus, and the tubber bulb for inflation of the 
bag is made airtight by closing 


the set screw for that purpose. 
By exerting pressure of air in t 


he bag, we may overcome the 
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pressure exerted by the blood in the artery of the arm and 
hence determine indirectly the pressure of the blood in the 
artery. The point at which these two pressures are the same 
may be determined by detecting the appearance of the pulse 
at the brachial artery by means of a stethoscope. 

If a stethoscope is not available, the following method is 
employed. The bag is inflated until the mercury column reads 
higher than the normal pressure, for example, 140 m.m. of 
mercury. If one “‘feels” for the radial pulse, its complete 
absence will be noted, due to the greater pressure above on 
the artery made by the bag. This bag-pressure shuts off the 
artery and no pulse is felt below. With the first and second 
fingers of one hand on the radial pulse, slowly open with the 
other hand the screw valve of the hand bulb and allow the 
air in the bag to escape gradually. As the air escapes a point 
will be reached at which the radial pulse becomes palpable. 
Note this point on the mercurial column. This is the systolic 
blood pressure. The procedure should be repeated several 
times to check the results. If a stethoscope is available, more 
accurate results can be secured by hearing at the bend of the 
elbow the sound caused by the blood coming through the artery. 
By this method, also, one can detect the diastolic pressure. 

Modification of pressure and blood flow. —We learned that 
the ability to do this lies in the muscular or middle coat of 
the vessels, and that the muscular coat in turn is controlled 
by the nerves. The nerves that control the sizes of the blood 
vessels are called vasomotor nerves and are of two kinds. One 
kind, the constrictor nerves, stimulates the walls of the blood 
vessels to contract, while the other kind of vasomotor nerves, 
called the dilator nerves, neutralizes or inhibits the effect of 
the constrictors, and thus allows the blood tubes to enlarge. 
The regulation is involuntary, Of beyond the control of the 
will; for instance, the blood vessels of the brain may become 
enlarged and the great pressure there causes 4 headache, but 
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the will cannot drive it away. We sit before a fire, and the face 
becomes red as the warmth soothes the constrictor nerves into 
inactivity; or the constrictors leading to the face may become 
paralyzed by mental confusion, and we blush. 

The amount of blood passing through one organ may be 
increased by the vasomotor nerves, but it is only because the 
amount going through the enlarged vessels of that organ has 
been withdrawn from other organs whose blood tubes, not 
being enlarged just then, afford greater resistance to the pas- 
sage of the blood than the dilated vessels afford. The amount 
of blood delivered to a part may be increased by speeding up 
the rate of flow. More rapid and stronger heart beats increase 
velocity of flow and hence the force of the heart is an impor- 
tant factor in maintaining an effective circulation. 

During rapid general exercise, as running, when the demands 
of the body are increased, the heart beats faster, as you have 
doubtless observed. When the body in general is at rest, as 
during sleep, the heart beats more slowly. Thus the general 
blood suppl; is regulated. 

But how is the heart itself regulated? For these facts show 
two things: first, that we cannot directly control it by the 
will; and second, that there is something in the body that 
does control the heart, and perhaps our wills may influence 
the beating of the heart indirectly. The heart, like the blood 
vessels and the muscles in general, is supplied with nerves; 
but there is this difference, namely, that the heart can go on 
beating without receiving impulses along its nerves. The 
heart of a frog, after being cut out of the body, will go on 
beating for several hours if it is kept moist; if it is cut into 
several pieces, the pieces will go on beating. It is the prop- 
erty of the heart muscle to contract, and it will do so as long 
as Its protoplasm is alive. 

Need for modification. — We have learned that there is a 
mechanism by which the amount of blood in any part may 


304 HEALTHFUL LIVING 


be modified. The necessity for this comes from the fact that, 
if the one and one-fourth gallons of blood were evenly dis- 
tributed, none of the organs would be capable of any powerful 
and effective action. A person weighing 156 pounds has only 
12 pounds of blood, for the blood is + of the total weight 
of the body. There is not enough blood in the body to dis- 
tend all the blood vessels at once. The skin alone with all 
its blood vessels distended could contain two-thirds of all 
the blood in the body. The veins have twice the capacity 
of the arteries; they could contain every drop of blood in the 
body. 

When the brain works, it requires more blood. When diges- 
tion is in progress, the lining of the digestive organs blushes 
a rosy red, and the digestive fluids are poured out. During 
the digestion of a hearty meal, one will not do his best think- 
ing. When a muscle is used, the dilator nerves act, the blood 
tubes in the muscle become enlarged, and its supply of blood 
increases to serve it during action. 

The impulses that run along the vasomotor nerves arise in 
the enlargement at the top of the spinal cord called the me- 
dulla oblongata. The part of the medulla that in this way regu- 
lates the caliber of the arteries is called the vasomotor center. 
It is constantly sending impulses along the constrictor fibers 
so as to keep the muscles of the arteries slightly contracted. 
The vasomotor center thus keeps a rein upon the arteries, 
holding them in a condition of tone, as this slight contraction 
is called. Sudden paleness, due to fear, is brought about by 
extra strong impulses from the vasomotor center, causing the 
muscular walls of the small arteries of the face to grip the 
vessels tight and drive the blood from the face. Alcohol de- 
stroys the tone of the blood tubes. From temporary drinking 
the face becomes red; from habitual drinking swollen blood 
tubes in the nose become purple and the “rum blossom”’ 


results. 
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The heart rate. — The rate of contraction of the heart 1s 
controlled by nerves. The nerves act, not to make the muscle 
contract, but to regulate the frequency of the beats. 

A nerve called the vagus nerve, extending from the medulla 
oblongata to several organs, goes to the heart; and gentle 
impulses which are almost always passing down the vagus 
nerve from the medulla oblongata, restrain the heart from 
too great activity, and are the chief means of regulating the 
strength and frequency of its beats. When an animal requires 
a greater supply of blood, as in running, these impulses for a 
time cease, and the heart beat is quicker and stronger. 

There are other nerves, part of the autonomic nervous sys- 
tem, called accelerator nerves, connected with the spinal cord 
below the point at which the vagus branches, that bring im- 
pulses to the heart which are opposite in effect to those brought 
by the vagus. These impulses also start in the medulla; they 
cause a quickening and strengthening of the beats (Fig. 241). 
Do the vagus nerve fibers or the accelerator nerve fibers 
resemble thc whip which a driver uses in driving a horse? 
Which kind corresponds to the reins? Thus the need of the 
body for a greater or less active blood supply is regulated by 
controlling the rate and strength of the heart beats. If the 
nerves are all in order, the heart beats more slowly when the 
tissues of the body need little blood, and more rapidly when 
the tissues need more food or more oxygen. But as quicken- 
ing of the heart beats cannot send more blood through one 
organ without sending more blood through all the organs, it 
1s not so delicate a means of regulating the blood supply as 
the vasomotor system. 

By the nerve mechanism explained in the preceding para- 
Staphs, it is learned that the rate of the heart can be adjusted. 
The heart rate is not the same for all people. It varies accord- 
ing to Sex, Size, and age. The average rate in women is 80 
beats a minute, in men 70 beats per minute. Tall individuals 
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have a slower pulse than short ones of the same age and sex. 
This is true also for animals other than man, as shown in the 
following: 


Bléphant [1h ar ct shee fee ey 25-28 beats per minute 
EOS Dosa casa laa eb Pas innate be 36-50 beats per minute 
Rabbit . . ... =.=. +. . ~ « 140-150 beats per minute 
Mouse Salts are Be Av > FE 660-670 Beats per mninute 


The rate is highest in infancy and decreases in adult life. In 
extreme old age it goes up again. The following indicates 
approximately the heart rate for different ages: 


At birth . . . .-. « » «. + « + 140 beats per minute 
Infancy)’ poe eo 2 ee 9120" eats" per minute 
Childhdod) Tunis baer ey sl Se Bee oe LOD beats perimunate 
IC ele tee ce oe Sek Le ae) beats per minute 
Adult Fol Le ae eee bb. (aia peaterper euinute 
Oldiage 205. ao). eh es) ep 470.» ) beats: pee minute 
Extremeage ..... . . + + 75-80 beats per minute 


FACTS TO REVIEW 


1. Explain the source of heat of the body. 
2. If the temperature of the body rises above normal, what 
may this mean? How is the temperature taken? 
3, What is the function of the red cells of the blood? What 
is hemoglobin? Anemia? 
4, Discuss the work of the plasma. 
5. What is blood typing? Agglutination? Hemolysis? Blood 
bank? 
6. What is systole? Diastole? 
7. Trace a red blood cell from the right auricle to the aorta. 
8. The white cells of the blood are sometimes cailed the 
soldiers of the blood. Is this name appropriate? Why? 
9. What is the endocardium? Endothelium? 
10. What are pericytes? 
11. When a vein is cut, does the blood spurt? Why? 
12. What is a leaky heart? What sort of injuries occur to the 
valves? 
13. What is the relationship of rheumatism to heart disease? 
14. What causes blood pressure? Is it higher or lower relatively 
in arteries, capillaries, and veins? How is the pressure determined ? 
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15. What are vasomotor nerves? What do they do? What is 
the vagus nerve? What is its function? Is the vagus a whip or a 
check on the heart? 

16. The following completion-type questions involve statements 
that compare arteries and veins. Copy the statements and complete 
them by supplying the missing words. Do not write in this book. 

a. Walls: The walls of the are very elastic, while the walls 
of the are slightly elastic. The walls of the are thicker 
and stiffer than the walls of the It is necessary that they 
should be so, because they must sustain the of the : 






































b. Work of each: The arteries take pure blood from the to 
the , and impure blood from the to the . The veins 
take pure blood from the to the , and impure blood from 
the ===» to:the 





c. Connections at heart: The are connected with the auricles. 
The are connected with the ventricles. 

d. Rate of flow: The blood in the 
blood in the flows 

e. Control of flow: The 











flows uniformly. The 








are abundantly supplied with 




















The have few. 

f. Location: The arteries as a general rule are located , The 
veins are located . This adds to the of the body. 

g. Definitions: The arteries are tubes that carry blood the 





——. The veins are tubes that carry blood the 
h. Accidents: If an artery is cut, pressure is to be applied ____ 
the cut and the If a vein is cut, pressure is to be applied 


—— the cut. A cut vein may be told from a cut artery by 
ee Sera tit 
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QUESTIONS TO THINK ABOUT 


1. Why will a person with marked anemia get out of breath 
easily ? 
2. If a person’s blood fails to coagulate, what will happen? 


Do you know of a disease which is characterized by non-clotting 
blood? 


3. If you feel the pulse at the wrist, is this beat due to the heart 
or the artery? Explain. 
4. Ifa person loses five 


uarts of blood i 
will he live? Explain, q ood in a severe hemorrhage, 
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5. Which aids the circulation more, standing or walking? Why? 

6. Is the circulation faster in standing or walking? Why? 

7. Does the heart beat faster when one is asleep or when one 
is awake? Explain. 


INTERESTING THINGS TO DO 


1. Experiment — To test physical condition by the pulse rate 
response to exercise and rest. 

Material. — Watch with a sé€ond hand. This test will be more 
accurate if a stop watch is available. 

Method and observation. — Find the normal pulse rate of the pupil 
standing. Repeat this until two successive records are alike. 

Have the pupil run in place for 15 seconds. In doing this exercise 
the pupil should bring the knees up in front and take about 20 run- 
ning steps in place in the period of 15 seconds. 

At once after the exercise, count the rate and determine how soon 
the rate returns to normal. The following table gives the scoring as 
proposed by Bowen and Mitchell: 


1 ee ee 


Time to RECOVER GRADE eee F ne 
+ minute A Fine Athletic 
1 minute B Good Active 
2 minutes . G Fair Moderate 
3 minutes . sae ches D Poor Sedentary 
Pulse slower after run . E Very poor 


SS ee 





2. Make a drawing to show the course of the blood through the 
heart. Label the parts. 
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How the heart is aided in its work. — The heart seems to 
be constantly at work, but such is not the case. As a matter 
of fact, the heart occupies nearly as much time in resting as 
in working. It works for about half a second and rests for 
about half a second. Yet in a day it does work equivalent to 
raising a ton of coal nearly two hundred feet; that is, 400,000 
k. This work of the heart is aided by the 


foot-pounds of wor 
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| 


valves in the veins, by muscular exercise, by the lungs, and ts 


affected by massage and position. 


By valves in the veins. — Increase the circulation in the arm 
by exercising it for a few minutes. The veins in the front of 


the wrist will then be plainly visible 
(Fig. 196). The skin and walls of 
the veins make the blood in the veins 
appear blue, but it is dark purplish 
red. Place the tip of the middle finger 
on one of the large veins; with the 
forefinger then stroke the vein toward 
the heart so as to push the blood 
from a portion of it, keeping the two 
fingers in place. The vein remains 
empty between the fingers. Lift the 
finger nearer the heart, and no blood 
enters the vein; there is a valve 
above which holds it back. Lift the 
other finger, and the vein fills in- 
stantly. Stroke a vein toward the 
hand, and see the blood cause the 
veins to swell up into little knots 
where the valves are. (Experiments 
upon veins are plainest with adults, 
whose veins are large.) The veins 
have valves placed frequently along 
their course. The valves are pockets 
made by a fold in the inner coat of 
the wall of the vein (Fig. 197). 
When you place your hand in your 
pocket, the latter swells out; but if 
you rub your hand on the outside of 





Deltoid 
Muscle 


Fig. 196. The veins are 
near the surface on the arm. 
Nerves may be seen accom- 
panying the veins. The 
fibrous sheaths covering 
most of the muscles have not 
been removed. The veins 
of the first three fingers are 
not shown. 


the pocket from the bottom towards the top, it flattens down. 
So with the action of the blood upon the valves in the veins 
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(Figs. 198, 199). They all open towards the heart. The valves 
support a column of blood in each vessel, and this support is 
very valuable in returning the venous 











bee: Sot a lieet ablGod fromthe leas: 
A By exercise. — Suppose a muscle hard- 


ens as it contracts and presses upon a 
VA eae vein which goes through the muscle; the 
"sae «6 Ploodiisuptessed ‘out; of the vein She 
Fig. 197. In figure A, blood cannot go towards the capillaries, 

ae ce for the valves fill and close when it 

side, C, the capillary starts that way; so it is all pressed out 
side. The arrow indi- towards the heart. When the muscle 


cates the direction of 
flow. Figure B shows relaxes, the blood that has been pressed 


poe ae ae Prevents forward cannot come back because of 

the valves, but the valves nearer the 
capillaries open, and the veins are filled. When the muscle 
contracts again, the same effect on the blood movement is 
repeated. We see, therefore, that every contracting muscle 
acts like a pump forcing the blood through the veins, and 
when a person works or exercises, many pumps of a muscular 
kind are working all over the body, aiding the heart in its 
function (Fig. 200). This aid makes the blood flow faster 
and relieves the heart of part of its work, so that it beats 
faster, just as a horse might trot faster if half the load were 
removed. The whole body 
gets fresher blood than it 
got when the muscles were 
still and the blood flowed 
more slowly. This help 
by the contracting muscles 
comes during active work, 
just when the body is de- A eae 
manding more blood and pee eh canes hw 
the heart needs help. with blood. two valves. 
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By the lungs. — On inspiration the lungs help to circulate 
the blood, since, when they expand and the air rushes into 
them, the blood, too, is drawn towards the cavity of the chest. 

Does the elasticity of the arterial wall furnish any force to 
aid the heart? No. When the arteries contract as the pulse 
passes, it is the force 
of the heart that is 
doing it. The elastic 
force of the arteries, 
however, keeps the 
blood in the arteries 
moving towards the 
capillaries. 

By massage and po- 
sition. — So effective 
and necessary is ex- 
ercise in aiding the 
circulation, that some 
people emplcy others 
who are skilled in 
the art called massage, 
to come regularly and 
Squeeze and knead scale 
every muscle like Fig. 200. This diagram shows the effect of 


dough. Thus fresh muscular contraction upon venous circulation. 


blood is b iE d The valves prevent the blood from flowing in 
00d 1s brought and two directions; it can flow only toward the 
the removal of waste _ heart. 


material from the tissues is aided. This wil] remove waste 
material, but such a person misses the tonic effect on the 
nervous system that comes from Participating in sports and 


activities with other people. The artificial makeshifts of man 
never include all that nature would give. 


The arteries lie deep under the muscles near the bones, and 
are likewise pressed upon by muscles, but their walls are much 


lo the Heart’ 
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stiffer than the walls of the veins. In fact, many of them in 
passing through the muscles have tough, fibrous sheaths. It 
is well that the arteries are not so much affected by exercise, 
for if they were squeezed by the contracting muscles, the 
blood would be pressed backward as well as forward since 
they are destitute of valves, and this would not be favorable 
to the circulation. 

So-called ““growing pains” in a child are due often to ex- 
posure to cold and wet, or to falling arches in the feet. These 
pains may come from overfatigue, or may be a slight form of 
rheumatism. The feet should be examined, and if at fault, the 
proper treatment should be given. Massage of the muscles 
and parts after overwork is beneficial and useful. 

Position of the body may aid the flow of blood by over- 
coming the action of gravity in the large vessels of the legs. 
The circulation will be assisted by lying down. After a long 
walk or tiring exercise, the circulation will be aided by elevating 
the feet and legs. | 

The lymphatic circulation. — The lymphatic system com- 
prises lymphatic vessels distributed over the entire body, and 
glands located in large numbers throughout the body, with 
large groups in the groin and in the armpit. In this system 
is the spleen, whose exact function is unknown but whose 
structure is lymphatic in character. 

How the nourishment gets from the blood into the tissues. — We 
left the food and oxygen in the capillaries. How does it get 
out of them into the tissues? We found that the blood flows 
very slowly in the capillaries (5 of an inch per second), and 
that the capillary walls are very thin, consisting of only the 
inner tissue of the three coats of the veins and arteries. Here, 
then, are two favorable conditions for giving up nutrients to 
the cells (Fig. 201). We learned that the protein, carbohy- 
drates, and fats were dissolved in the plasma, or liquid portion 
of the blood. The plasma passes through the thin capillary 


THE CIRCULATION OF THE BLOOD (Continued) 315 


walls, carrying the food with it. When it gets outside the capil- 
laries, it is next to the walls of the cells that make up the 
tissues. These spaces are called 
lymph spaces. Thus the lymph 
bathes the cells in the nutri- 
tious fluid, and the hungry cells 
absorb what they need. The 
oxygen is carried in chemical 
combination with the hemo- 
globin of the red corpuscle. 

The red corpuscles bearing 
the oxygen cannot get through 
the capillary walls. But the 
oxygen is carried also in the 
plasma, and it easily passes out into the tissues. The cells in the 
tissues use up the oxygen of the plasma, and the plasma replen- 
ishes its supply from the red blood corpuscles. Carbon 
dioxide, which is one of the products of the combination of 
oxygen with the food material in the tissues, is also a gas. It 
returns to the heart and to the lungs in the plasma of the 
venous blood and the lymph. 

Why cannot the capillaries themselves carry the food and 
oxygen into the tissues? Because they are tubes, and as long 
as the food is in the blood it cannot reach the cells; the plasma 
must escape from the capillary in order to bring food to the 
cells of the body. The lymph spaces and the lymphatics act 


as middlemen between 
Tissue Cells 
< te) | the blood and the cells 
at 


Zy Mmphatie 


Ee (Fig. 202). 
Capillary a Pid ies If the plasma 
i kept coming into the tis- 


| sues without any way of 
Fig. 202. The lymph space and the ; ‘i : 

lymphatics act as middlemen between the LET back LOT dre 

blood and the cells. blood vessels, the blood 





Fig. 201. Capillaries connect a 
small artery with a small vein. 
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would soon be lacking in plasma and the tissues would be 
oppressed with it. We see, then, the absolute necessity for 
some provision to get this liquid back 
into the blood vessels, from which it is 
constantly escaping. This is done by a 
system of tubes called /ymphatics Fig. 
AWN Lymphatic 203). 
penals What is lymph? The blood plasma is 
called lymph after it gets out of the cap- 
illaries. But it soon becomes changed by 
the addition of substances thrown out 
by the cells, and by giving up to the cells 
the digested food brought by the blood. 
We should have said also that the white 
blood corpuscles may pass out into the 
lymph, especially if there is some con- 
dition in the tissues that they can correct 
Fig. 203. The larger Fig. 183). ; 
lymphatics of the front We may say, then, that lymph 1S 
oh Se. right arm are yearly the same as the blood without the 
red corpuscles. Did you ever see any 
lymph? Certainly you have seen it, many times. Whenever 
there is a blister in the skin from friction or from a burn, the 
lymph collects. Sometimes when the skin is grazed, and no 
blood vessel has been touched, the lymph may exude. 

The origin and course of the lymphatics. — Unlike the blood 
vessels, the lymphatics, or the tubes which carry the lymph, 
have a beginning. The blood vessels do not begin, but make 
a never-ending circle. The lymphatics begin in open ends 
between the capillaries and the cells, or among the cells them- 
selves (Fig. 202). It will be interesting to learn how they 
lead the lymph back to the circulation, and what causes it to 
flow, for there is no heart for the lymph as there is for blood. 
When the lymph once enters the open end of the lymphatic, 
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it does not return directly to the blood, but continues to move 
slowly or at intervals through the lymphatics on its return to 
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Fig. 204. Note the opening of thoracic duct into the junction of left 
jugular and left subclavian veins. The connection of these veins with the 
superior vena cava has been cut across to show the thoracic duct behind it. 


The lymphatic glands in the lumbar region mark the beginning of the 
thoracic duct. 


the blood system (Fig. 204). Small lymphatics come together 
and form larger ones. They continue to unite and form larger 
ones, until finally the lymphatics from nearly the entire body 
unite into one large tube, which Passes up through the abdo- 
men and thorax, and pours the lymph into the venous system 
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beneath the collar-bone near the neck. This largest of all 
lymphatics is called the thoracic duct. 

The thoracic duct is avout the size of a goose quill, and 
empties into the venous system just where the large vein from 
the left side of the head (the left jugular vein) 
joins the large vein from the left arm Cleft sub- 
clavian vein) (Fig. 204). We said that the 
lymphatics from nearly all over the body form 
the thoracic duct; but the lymphatics from the 
right arm and right side of the trunk and head 
form what is called the right lymphatic duct, 
which empties into the right subclavian vein 
just where the right jugular vein joins the latter. 

What makes the lymph flow. — Did not we learn 
that something besides the heart makes the blood 
flow? It is the contraction of the muscles and 
their consequent pressure upon the veins. The 
valves in the veins make this pressure effective 
by allowing the blood to be forced in only one 
| direction. It is likewise found that the lym- 

ee 205. A phatics have valves, and that they are more 
full lymphatic ,hundant than those of the veins. Whenever 
with its valves : 
distended (cut the muscles contract, the lymph is forced along, 
open). and the valves provide that no progress made 
shall be lost by any backward movement. Every pressure 
leaves a part of the lymphatic empty and ready to fill from 
behind (Fig. 205). If the body is pressed upon of shaken, as 
when riding a trotting horse, or in a jolting vehicle, the lymph 
is moved beyond the valves at every jolt, and its circulation 
aided. 

The secret of the powerful effect of muscular work upon the 
health lies chiefly in the great aid that it gives to the lymphatic 
The importance of an active lym- 
at the blood 





and venous circulations. 
phatic circulation is seen when we remember th 
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does not make its exchange directly with the cells of the tis- 
sues, but with the lymph; and the lymph makes the exchanges 
with the tissue cells. . 

The lymphatic glands. — Along the course of the lymphatics, 
numerous enlargements occur called lymph nodes or lymph 
glands (Fig. 206). They consist of a con- 
nective tissue framework, the meshes of 
which are crowded with lymph cells. The 
lymph in its course must filter through 
these clusters of cells, and, in doing so, 
is purified; for the node cells take up 
impurities in the lymph, and work over 
and change their nature. The cells in 
these nodes multiply, and some of them 
are taken up by the lymph and carried into 
the blood to become those remarkable 
little bodies, the white blood corpuscles. 
It is a curious fact that the older white Fig. 206. Here 
corpuscles are broken up in the lymph yet: ae Pu 4 
nodes, but their remains are absorbed by leaving a lymphatic 
the newly formed white corpuscles, just mpd 
as the latter absorb germs and other foreign particles that may 
enter the blood. The lymphatics penetrate and help in the 
nourishment of every tissue, even in that of the bony tissue. 

The spleen. — This organ resembles the lymph nodes. It is 
purplish red, about five inches in length, and is situated just 
inside the lower ribs on the left side of the abdomen. White 
corpuscles are formed in it as well as in the smaller lymph 
nodes. In it also the red corpuscles that have finished their 
service in the blood are broken up and destroyed. 

The internal construction of the spleen shows cavities in 
which a considerable portion of blood may be stored. These 
cavities connect by capillaries with the blood stream. Dis- 
tributed throughout the spleen in the walls of the cavities are 
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many smooth muscle cells. When these contract the cavities 
are squeezed and blood is forced into the circulation. By this 
mechanism the spleen serves as a reserve storehouse of blood. 
After muscular exercise and after hemorrhage (a flow of blood 
from an injured vessel) the spleen contracts. This action gives 
more blood cells to the circulation and aids in replacing blood 
volume lost by the hemorrhage. 

Hygiene of the circulation. — Have you learned yet the 
curious fact that all the living cells of the body live under 
water, just as the amoeba does? The lymph and the blood 
are chiefly water, and the cells are all bathed continually in 
one or the other. The blood bathes the cells in the walls of 
its vessels, and the lymph is found filling the interstices or 
spaces between the cells, like water in a sponge. From the 
spaces, as we learned, it is taken by the lymphatics in order 
to make room for fresh lymph, free from waste material and 
bringing fresh nourishment. The only exception to the rule 
that the cells live a watery existence is found on the surface of 
the body; the cells of the outer skin, hair, and nails, however, 
may be called dying cells, for they are not alive in the same 
sense that the other cells are; they do not contain nuclei 
(Fig. 29, page 54) and cannot repair themselves or grow. 

The importance of good circulation. —The supreme, the tran- 
scendent importance to the health of the tissues, of pure blood 
and good circulation, now becomes apparent. All that the 
cells need, in order to be sound and vigorous, is to have good 
food and oxygen brought within their reach, and to have the 
waste material, or products of combustion, removed. The 
circulation meets these needs. 

Pure blood is just as necessary as free and unimpeded cir- 
culation. We shall learn later how the digestive organs serve 
to furnish the nutrition, how the lungs furnish the oxygen, 
and how the skin, kidneys, and lungs remove from the blood 


the impurities and waste materials. 
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Taking cold. — Sudden or prolonged exposure to cold while 
the muscles are inactive so stimulates the surface blood ves- 
sels through the vasomotor nerves that they become tightly 
contracted and send the blood to the interior of the body. It 
accumulates there and may cause such congestion of the 
mucous membrane of the nose, throat, windpipe, or lungs 
that inflammation ensues. A cold is an inflammation of the 
mucous membrane of part of the air passages. Rapid cooling 
off from a heated condition, especially if one is in a profuse 
perspiration, may cause the same results; or, exposure to 
moderate but continuous cold without exercising may bring 
on a cold. Sitting on the damp ground, sitting with damp 
feet, sitting in a cold draft, or going thinly clad in cold weather 
may cause a cold; only foolish persons think they are hard- 
ened enough to withstand such risks without injury. 

A person may be in the habit of coddling himself by living 
in overheated rooms, or by wearing too warm clothing and 
by constant use of mufflers on going out. His surface nerves 
thus become so delicate and the blood vessels of the surface 
so relaxed, as to insure taking cold on every accidental or un- 
avoidable exposure. A better plan is to keep the house cool, 
the thermometer standing at 65° to 68°, to sleep with open 
windows but not to allow the cold air to blow upon the head, 
to take cool baths, and keep warm when out of doors by walk- 
ing or exercising briskly. Thus the blood vessels are toned 
up, the circulation is made vigorous and steady, and the per- 
son is better fitted to withstand the ordinary conditions of 
life without disease continually recurring owing to deranged 
or weak circulation. Any .process of “hardening to cold”’ that 
1s not accompanied by vigorous exercise is a risk to the health. 

The reciprocal action of the blood vessels of the skin and 
the internal organs is sometimes illustrated w 
drinks freely of cold water. There is a sudden b 
perspiration. Why is this? Certainly the water 


hen a person 
reaking out of 
does not reach 
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the skin so quickly. The cold in the interior stimulates the 
internal vessels to contraction and the blood is diverted to the 
unstimulated vessels of the skin surrounding the sweat glands. 

Effects of unusual exercise. — If a person has neglected active 
exercise for some time, the heart, as well as the other muscles, 
becomes weak. If such a person takes very rapid and trying 
exercise, he may bring on an unpleasant palpitation of the 
heart, which is a warning to desist at once. Violent exercise 
should not be taken until one has gradually led up to it. 

Sleep and the blood. — A petson who loses much sleep be- 
comes pale; the paleness is evidence of a diminution in the 
number of red corpuscles. Itis during sleep that the corpuscles 
that have been worn out during the day are replaced; conse- 
quently loss of sleep causes a greater loss to the blood than 
usual, with less than the usual opportunity for repair. 

The influence of thought and feeling. — Rage excites and strains 
the heart. The experience of great emotion, whether of joy or 
anger or fright, raises the blood pressure. Sometimes this 
elevation of pressure is so great that a blood vessel breaks. 
When the vessel is in the brain, a stroke of apoplexy occurs 
and death may ensue. Such a catastrophe rarely happens 
except in the case of adults who have some circulatory weak- 
ness. Calmness and poise are mental qualities that have 
a wholesome effect upon the circulation. 

Clothing. — The blood cannot circulate with perfect freedom 
unless the entire body is so loosely clothed that there is no 
pressure upon any of the blood vessels, no interference with 
the lungs as they expand, no pressure upon the stomach, 
liver, and intestines. Many of the largest veins, particularly 
those of the arms and legs, lie so near the surface that any 
tightness of the clothing is certain to diminish the flow of 
blood through them. Rolled stockings retard the venous flow 
in the superficial vessels. Sleeve supporters and garters, if 
used at all, should be of weak elastic with adjustable buckle, 
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and no tighter than is absolutely necessary. It is especially 
necessary to keep the extremities warmly clad and dry. 

Injury to the blood vessels. — To perform effectively the work 
of transporting the blood, the vessels must remain whole, 
and they must keep their shape and elasticity. Injury of the 
vessels may occur by cutting the vessel wall or by changes in 
the wall so that it loses its shape or elasticity. 

Hemorrhages. — Hemorrhage is a flow of blood from an 
injured blood vessel. When the wound is slight, the clotting 
of the blood stops the flow. Clotting is rapid in the blood of 
healthy persons and slow in the blood of poorly nourished 
persons. Blood does not spurt from a cut vein but flows in 
a slow stream. When an artery is cut, the blood comes forth 
in a jet, with stronger spurts at each throb of the heart. In 
a large artery the pressure is so strong that it forces away the 
clot as fast as it is formed, so that death may result from loss 
of blood unless the flow is stopped. (See page 558.) 

Varicose veins. — Varicose veins are enlarged and tortuous 
veins. This condition occurs more frequently in people who 
take little exercise, or who follow occupations in which they 
stand still for long periods, as motormen and clerks. Postmen 
who are on their feet a great deal but very active rarely suffer 
from varicosities. Why is this? Has ‘muscular. contraction 
anything to do with the circulation of the blood (Fig. 200)? 

Hardening of the arteries. — Hardening of the arteries 
occurs in late adult life and seems to be caused by intemperate 
living. Too much physical work, too much mental work, or 
too much work for the digestive organs may produce a harden- 
ing of the arteries. The loss of elasticity is caused by an 
accumulation of salts in the wall of the artery. The salts make 
the artery hard. It becomes, therefore, less able to adjust to 
changes in pressure, and it will break more easily. 

The effect of alcohol. —It is believed that the white cor- 
puscles are injured by alcohol in the blood, and that they 
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lose to some extent their activity in attacking poisons and 
germs of disease. This gives an explanation of the suscep- 
tibility of drinking men to germ diseases. Persons accustomed 
to using alcohol are usually the first victims of cholera and of 
yellow fever; while some abstainers, under constant exposure, 
remain untouched. The white corpuscles repair cuts and broken 
bones; hence intemperate persons do not recover from acci- 
dents and surgical operations as quickly as do total abstainers. 

The ‘tobacco heart.’ — Tobacco, unlike alcohol, does not 
dilate the blood vessels of the skin; tobacco users are often 
pale from want of blood in the skin. We thus see why tobacco 
users develop a stronger craving for drink than nonusers, 
because the alcohol has, in some respects, an effect opposite 
to that of tobacco. However, heart action is temporarily in- 
creased when tobacco is used. In the previous chapter you 
learned that the accelerator nerves increase the heart action and 
that the vagus nerves (inhibitory) hold it in check. If the 
vagus is partially paralyzed by tobacco, the heart beats with 
more force, thus exhausting itself. The pulse of the habitual 
user shows unmistakably the injury done to the heart. It 
loses the firm steady beat of health and becomes irregular. 
Most of the time its beat is feeble; for a period its beat may 
be rapid and palpitating. This condition is known to physi- 
cians as the “tobacco heart.” 

Physicians who have made a special study of the subject 
claim that one out of every four tobacco users has the tobacco 
heart. It prevents success in athletic contests and feats of 
strength. Knowing the paramount importance to sound 
health of rich blood and perfect circulation, we are not sur- 
prised to know that the whole body is enfeebled by tobacco, 
and that mental as well as physical vigor is impaired. Ob- 
servant teachers can often tell which of the boys in school are 
addicted to the use of tobacco from the comparative inferiority 
of their appearance and from their indolence of body and mind. 
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Purification of the blood. — The impurities of the blood are 
the waste substances which result from the chemical action 
occurring in the body cells. This waste material is removed 
from the body, if the circulation is adequate and if exercise 
is sufficient. The blood is freed from these impurities by the 
lungs, by the sweat glands of the skin, and by the kidneys. 
This process of blood purification is natural, and will at all 
times suffice, if the individual drinks enough water, avoids 
constipation, and exercises sufficiently. Therefore, patent 
medicines which claim to “‘purify the blood”’ are never neces- 
sary, if one follows the natural laws of health. Furthermore, 
their claim of purification is false. Patent medicines are made to 
sell and not to accomplish any particular result in the body. 

Activity is the most necessary condition for the health of 
a cell. In every cell is found matter in three conditions: that 
which is actually living; that which was recently living; and 
that which is about to live by being transformed in the cell. 
The transformation from lifeless to living and from living 
to dead and the removal of dead matter must go on promptly. 
Anything which interferes with this activity interferes with the 
health of the cells. When life is natural and complete, all the 
organs are given work to do and are healthy, active, and strong; 
there is a feeling of buoyant happiness, the mind is clear, the 
muscles are firm, and the man truly lives. 

This view emphasizes the importance of living in accordance 
with nature’s laws and not depending upon medicines to re- 
lieve one of errors in living. There are many interesting as 
well as valuable results in the experiment of personally taking 
charge of one’s life and endeavoring to make that life as 
powerful, as strong, and as effective as possible. 


FACTS TO REVIEW 


1. What is the effect of exer 


cise on movement of the blood 
through the veins? 
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Dacca tei eee ea eee ee 
e ch the limb bends. Why do 
they have this position? 

3. Where is the thickest wall of the heart? Why? The thinnest 
walls? Why? 

4. Why does the blood in the veins flow toward the heart? 
When muscles contract and press upon the veins, why does not 
the blood flow in two directions? 

5. What is the function of the capillaries? 

6. What is the source of the plasma? What is the source of the 
lymph? 

7. What is the thoracic duct? The right lymphatic duct? What 
makes the lymph flow? 

8. Describe the structure of the lymphatic glands. How ts the 
blood purified ? 

9. What is the spleen? Describe its functions. 

10. Can you see arteries or veins at the wrist? Can you feel 
arteries or veins at the wrist? 

11. Is it possible for a vein to begin and to end with capillaries? 
Explain. 

12. Which is more compressible, a vein or an artery? 

13. Why are varicose veins so often found in the lower leg? 

14. Why are inactive persons very likely to have cold feet? 

15. In what part of the circulation does the so-called venous 
blood flow through arteries? 

16. What artery takes arterial blood to an organ where it is still 
further purified, yet it is called venous blood when it leaves the 
organ? (As it leaves that organ the blood is the purest in the 
body.) 


17. What keeps the blood in circulation between the beats of 
the heart? 


QUESTIONS TO THINK ABOUT 


1. Why do we need warmer clothing when asleep than awake? 
2, When would it be pleasant to throw off a coat or sweater, 


but imprudent to do so? 
3, If the clothing has become wet and the wet garments cannot 


be changed for dry ones, how can one keep up a good circulation 
to prevent taking cold? 
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4. When cold air strikes the face, why does it first blanch and 
then flush? ne 

5. Why does a hot foot bath sometimes relieve a headache: 
Why should it relieve a cold in the head? 

6. In what parts may tight garters cause too much blood: 
Tight collars? Why? 

7. Why may a sluggish circulation cause the feet to be cold? 

8. What is the most serious injury of alcohol to the blood? 

9. Can any physiological basis be given for the claims of patent 
medicines that they “purify the blood’’? | 

10. Why does the body of a person dying by drowning or 
strangulation turn blue? 

11. In the absence of a surgeon what would you do in the case 
of a severe wound? 

12. Why is a cold draft in the house more apt to cause a cold 
than a cold wind out of doors? 

13. Why do we perspire freely after drinking a large amount 
of cold water? 

14. What causes the difference between the hard hand of the 
blacksmith and the soft hand of the clerk? 

15. Why does rubbing wear out the leather of the shoe, but the 
friction of the shoe upon the toe cause the skin to grow thicker and 
to form a corn? 

16. What is the effect of horseback riding upon the circulation? 


INTERESTING THINGS TO DO 


1. Experiment — To demonstrate circulation, vasomotor con- 
trol, and blood pressure. 

Arrange an inverted bell jar (Fig. 207) on a support and connect 
it with a series of glass pipes arranged in an upright position. For 
the connections use a hard rubber tubing. Before the last two 
Pipes insert a section of soft rubber tubing and attach a clamp 
which will allow graduated pressure to be made on this section of 
the circulation. Fill the bell jar with water colored with carmine 
and notice the following: 

1. Name the heart, the arteries, the capillaries, and the veins. 

2. Have the clamp entirely free and observe the effect upon the 


flow of water. How high does the liquid rise in the tubes? Mark 
the point in each case. 
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Hard Rubber Tubing 





Fig. 207. Circulation may be demonstrated by means of this apparatus. 


3. Close the clamp down so that no liquid flows from the venous 
end. How high does the liquid rise in the tubes? In which tube 
is it highest? Is this the tube that corresponds to the arteries 
nearest the heart? 

4. Open the clamp enough to have the liquid flow from the 
venous end ina slow and constant stream. Notice the change in the 
height of the liquid in the tubes. What are the points of difference 
between the effect seen in (2) and (3)? Would you say that the 
pressure decreased from the heart to the capillaries and that in the 
venous system the pressure was very low until in the last tube it 
was practically at zero? 

When the capillaries are shut down, what effect has that on the 
blood pressure? Is the resistance to the flow of blood increased? 


How is such effect produced in the body? 
2. Experiment — To study the rate of the heart beat after and 


during exercise. 

Material. — Watch with a second hand. 

Method and observation. — (a) Palpate the pulse in the radial and 
temporal arteries with the tips of the first and second fingers. What 
causes the pulsation? (b) Count the radial pulse during consecutive 
fifteen second periods (one-quarter minute) and when the rates 
in any two successive ones are the same, take that rate as the rate 
of the heart for the time and activity. Find the heart rate per 


minute in the following: 
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1. Horizontal position, face up. 

2. Horizontal position, face down. 

3. Sitting position. 

4. Standing position. 

5. After ten deep knee bendings. 

Does the rate vary? Why? a 

3. Experiment — To study heart rate during respiration. 

Material. — Watch with a second hand. 

Method and observation. — Count the radial pulse and obtain the 
rate as described in experiment (2). With that procedure obtain 
the heart rate during the inspiratory phase and the expiratory phase. 
Is the rate different? In which is it faster? 

4. Experiment — To study the heart rate in exercise and 
respiration. 

Material. — Watch with a second hand. 

Method and observation. — Count the heart rate in the standing 
position. Perform twenty deep knee bendings and count the heart 
rate at once at the end of the exercise. Notice the difference during 
the inspiratory and expiratory phases of the respiration. 
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CHAPTER XV 
THE RESPIRATION 


Why breathing organs are needed 
The respiratory organs 
Nose, throat, larynx, and trachea 
Bronchial tubes 
Lungs 
The diaphragm and other muscles 
The breathing process 
Inspiration 
Expiration 
Ease in breathing 
The air we breathe 
Composition of the air 
Foul and fresh air 
The hygiene of respiration 
Breathing through the nose 
Muscular action in breathing 
Respiratory exercises 
Abdominal, chest, and natural breathing 
Ventilation 
The effect of tobacco on the respiratory organs 
Tuberculosis 
Resistance to the disease 
Rest is essential 
Signs of the disease 
General considerations 
Cleanliness 
The mistake of the overstudious 
The essential unity of body and mind 


Why breathing organs are needed. — Every cell in the 
body requires oxygen. When the supply of oxygen stops, 
the activity of the cell soon ceases. If it is a muscle cell, 


motion can be generated in the muscle only by the union of 
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oxygen with the contents of the cell. If it is a gland aie 
cannot do its work of secreting useful fluids without the help 
of oxygen, for the substances which the gland cell takes from 
the blood must be changed to form the secretion. If the cell 
is a brain cell, although it may not use as much asa muscle 
cell uses, oxygen is still indispensable. The oxidation that 
takes place in the various cells results in the formation of car- 
bon dioxide and other waste products which would destroy 
the life of the cell if allowed to remain; these are removed from 
the body by the same organs that supply the oxygen. How 
does the amoeba get its oxygen? 

The respiratory organs. — It is obvious that in animals of 
large size with many tissues, the great majority of the living 
cells of the tissues must be buried deep away from the external 
surface. But even if deep-seated and away from the air, the 
living cells have the same need for oxygen as those near the 
surface. If oxygen is supplied to the blood, the latter will 
convey the oxygen to the cells; bug very efficient organs are 
needed to supply the blood with oxygen sufficient for so many 
cells. This is afforded by the lungs and associated parts. 

The breathing apparatus varies in different animals: aay 
usually consists of a device for exposing the air to a great 
amount of thin tissue, which is a specialized form of the outer 
skin of the animal (if the animal is not a land animal, the 
tissue is exposed to the water); (2) the animal is further pro- 
vided with means to keep up a current of air (or water) on 
the outside of this modified skin and a current of blood on 
the inside. Large animals with many deep-seated and inacces- 
sible cells require for sufficient oxygen a large respiratory area. 
This is provided by having it folded as indicated in Figure 209. 
In man, it has been estimated that by the finer and finer divi- 


sion of the air sac, a pair of human lungs presents to the air 
a surface of about thirteen hundred 5 


quare feet; this is approxi- 
mately 


one hundred times greater than the entire surface area 


332 HEALTHFUL LIVING 


of the body; (3) the remainder of the breathing apparatus 
consists of muscles for changing the air that is in contact with 
this great surface. 

Nose, throat, larynx, and trachea. — The air usually passes 
in at the nose and returns by the same way, except during 
talking or singing. 
If you look in your 
mouth, using a mir- 
ror, you will see at 
the back part an arch 
which is the rear 
boundary line of the 
mouth. Just above 
the arch is likewise 
the limit for the back 
part of the nasal pas- 
sages. The funnel- 
shaped cavity beyond, 
into which both the 


Fig. 208. Not all of the divisions of the Passages pens 2s 
bronchi are shown, but notice how these called the pharynx, or 
tubes by the finest branches extend to all parts th Bel 
ortho ihed roat. Below, two 





Thyroid Cartilage 
Cricoid Cartilage 











ip 








tubes open from the 


pharynx, one into the trachea, or windpipe, the other, into 
the esophagus, or gullet. At the top of the trachea (Fig. 
208) is the cartilaginous larynx, or voice box. The open- 
ing from the throat is provided with a lid, the epiglottis, also 
consisting of cartilage. The larynx, which will be described 
more fully in treating of the voice, may be felt as the Adam’s 
apple. Just below it is the trachea proper, which is a tube about 
three-fourths of an inch in diameter and about four inches long 
(Fig. 208). It consists of hoops of cartilage which are not 


complete circles but are shaped somewhat like the letter C, 
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being completed behind by nonstriated (involuntary ) muscular 
tissue, whose function is to draw the ends of the rings together 
at times (during coughing for example) and reduce the caliber 
of the tube. The function of the hoops of cartilage is to keep 
the windpipe open at all times. If it should collapse under 
pressure, life might be lost. 

Bronchial tubes.—The 
lower end of the trachea is 
just behind the upper end 
of the sternum, where it di- 
vides into two bronchi, called 
the right bronchus and the 
left bronchus (plural, bron- 
chi). The bronchi subdivide 
intoa great number of smaller Fig. 209. Each bronchial tube ends in 
branches called bronchial tubes,  % lobule into which air cells open. 
Cartilage is found in the walls of all but the smallest of the tubes. 
The subdivision continues until the whole lung is penetrated by 
branches all having the general name of bronchial tubes (Fig. 
208). The smallest are only about , of an inch in diameter. 
They ramify through the lungs somewhat like the branching 
of a tree, and each tiny tube finally ends in a wider funnel- 
shaped chamber, called a lobule (Fig. 209), into which so many 
dilated sacs, called air cells, open that the walls of the terminal 
chamber, or lobule, may be said to consist of tiny cups, or 
air cells, placed side by side. (The word “‘cell” is here used 
in its original sense to denote a cavity or chamber, and not in 
the sense of a protoplasmic cell.) 

Lungs. — The lungs are elastic, air-containing organs con- 
structed of epithelial cells of several kinds and blood vessels. 
The air cells are arranged to allow air to come readily into 
contact with the blood, and to remove from the lining the 
dust and dirt that have come in with the air. The numerous 
blood vessels afford means of rapidly moving the blood 
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through the lungs. The elastic nature of the lungs provides 
for easy and quick inflation. These characteristics are best 





Fig. 210. a represents the 


understood by studying the internal 
and external structure. 

Internal structure. — The wall of 
an air cell consists of elastic con- 
nective tissue lined with a layer of 
very flat and thin epithelial cells 


epithelium of the wall of an (Fig. 210). This is continuous 
air cell; b, partition between with the epithelium of the bronchi 


two air cells, in which the 


capillaries lie; c, fibers of and offers no obstruction to the 


elastic |tissue. Notice b, and 
name the structures through 


passage of oxygen out of the cell 


which oxygen and carbon and the entrance of the carbon di- 


dioxide must pass. 


oxide from the blood vessel. 


It must be remembered that mucous membrane lines all 
cavities in the body accessible to the air. Almost all of the 
nose and pharynx, and all of the trachea and bronchial tubes 
as far as the lobules are lined with a mucous membrane, the 


cells of which are furnished with 
cilia (Fig. 211). These are mi- 
nute hairlike filaments which are 
in constant motion. When a few 
of the cells are examined under 
a microscope, we may see the 
cilia in motion, even for a time 
after the removal of the cells from 
the body. They make a quick 
stroke upward, and move back 
more slowly. This motion, it is 
found, gives them the powet of 
carrying particles of dust which 
enter the lungs upward towards 
the larynx. Upon reaching the 
larynx, the dust brings about 





Fig. 211. Cells of the mucous 
membrane of the trachea are fur- 
nished with cilia. a, b,c, mucous 
cells (of a rabbit) in various 
stages of secreting mucus. 
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irritation which causes it to be coughed up. In the nasal pas- 
sages, the cilia serve a similar purpose. At the opening of 
the nostrils are also 
placed ordinary hairs 


(hundreds of times 


ale Small Arteries 
cilia ), and Veins 


larger than 
which aid in cleaning 
the air of dust as it 
enters the nose. 
Near where the tra- 





chea divides into the Network of U5 
5 Capillaries NA8F 

two bronchi, the pul- \) J 

monary artery, bring- ) 


ing the dark blood Fig- 212. The blood vessels around two air 


ee cells. 
to the lungs, divides 


into two branches, and the subdivision continues until, finally, 
a network of capillaries (Fig. 212)) is formed around each lobule, 
or cluster of air cells. These capillaries are the termination of 
the branches of the pulmonary artery, and the beginning of the 
pulmonary veins. It is here that the blood changes from a 
purplish red to a scarlet red. A fine connective tissue holds 
together all these air cells and tubes. 

External appearance. — The entire cavity of the chest except 
the space occupied by the heart and a few of its blood vessels 
and the esophagus is filled by the lungs and their coverings. 
The lungs are light pink in early life but become grayish and 
darker as age advances. This change is more marked in 
persons who dwell in large cities or where the atmosphere is 
smoky and dusty. The lungs, or a part of one, will float if 
thrown upon the water. The right lung has three lobes, or 
divisions, and the left, two lobes. The general substance of 
the lungs, as already described, consists of bronchial tubes, 


blood vessels, lymphatics, and air cells, which are chiefly near 
the surface. 
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The surface of the lungs is in contact with the chest wall 
but it is not attached to it. It is held in contact by the begacive 
pressure within the chest cavity. This negative pressure dur- 
ing respiration varies from 755.5 m.m. of mercury on expira- 
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Fig. 213. Locate the large tubes which pass through the dome-shaped 

diaphragm. 
tion to 752.5 m.m. of mercury on inspiration. Its negativity, 
therefore, increases during inspiration. Imagine a closed bag 
or sac made of thin membrane lining the whole of the chest. 
Now imagine another closed sac a little smaller, that is inside 
of, and lining the first one. Next imagine the lungs to be 
found inside the inner sac. Here we have the lungs within the 
two membranes called the pleura. The pleura are in contact, 
so that the lung may be said to be in contact with the chest 
wall. 

The outer pleura lines the chest wall, the inner pleura covers 
the lungs. The two membranes form between them a closed 
sac, a serous cavity which is airtight and aids the lungs in 
following the chest wall without friction when the chest 
expands. The two pleural surfaces are in contact, and secrete 
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just enough fluid to enable them to glide smoothly upon each 
other. But for the pleura there would be friction between the 
lungs and the chest walls. 

The diaphragm and other muscles (Fig. 213). — The floor of 
the chest cavity is formed by a muscle that is the broadest in 
the body, and also the thinnest in proportion to its width. It 
is called the diaphragm. It rounds up under the concave base 
of the lungs somewhat like a dome and separates the thoracic 
and abdominal cavities. It is attached to the lowest ribs at 
the sides and to the lumbar vertebrae behind (Fig. 213). Its 
rounded side is turned towards the chest, and its hollow side 
towards the abdomen. It is the most important muscle of the 
respiratory system. When it contracts, it flattens and de- 
scends, and the lungs descend with it, thus lengthening and 
enlarging the cavity of the chest from top to bottom. 

When the diaphragm descends, it acts as a tight-fitting 
board would if pressed into a barrel of water. If there were 
two holes in the board (corresponding to the vena cava and 
thoracic duct), the water would be pressed up. Thus the cir- 
culation is aided by breathing. When the diaphragm relaxes, 
its thinness and flexibility would allow it to drop downward, 
were it not for other influences; the abdominal walls contract as 
the diaphragm relaxes and force the liver and stomach against 
the diaphragm, pressing it against the lungs (Figs. 215, 216). 

The chest walls can be lifted out at the sides and in front. 
This is accomplished by muscles leading from the shoulders 
and spinal column to the outer surface of the ribs, and by 
the intercostal muscles, or the muscles that connect each rib 
with the rib above (Fig. 214). Thus the chest may be made 
deeper from front to back and from side to side, and if the 
diaphragm acts at the same time, the chest is elongated from 
top to bottom, and thus is enlarged in all directions. 

The breathing process. — The breathing process serves 
fo carry into the lungs oxygen for the blood and to expel 
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the excess carbon dioxide given up to lung air by the blood. 
The passing of the air into the lungs is called inspiration, and 
the passing of the air out from the lungs is called expiration. 
The two together constitute respiration, or breathing. 
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Fig. 214. Figure A shows three ribs, their attachment to spine and ster- 
num, and the muscles completing the thoracic wall. In B the structures 
between the intercostals are shown. 


Inspiration. — As the lungs themselves contain no muscular 
tissue, they cannot expand by any force of their own. Yet 
they expand when the chest expands. How does the enlarge- 
ment of the chest cause the lungs to expand, and the air to 
rush in? The air cannot be pulled in, for it has no cohesion, 
its parts do not stick together. It is found that the air has 
considerable weight, for the height of the atmosphere is at 
least forty miles, and the air above is pressing down on that 
below. When the chest walls are moved outward against the 
weight of the outer air (Figs. 216, 217), the space in the chest 
is increased, and the lungs follow the chest wall due to the 
negative pressure in the pleural space. Since the chest is larger 
and the lungs are also increased in size, the air in the lungs has 
a lessened pressure. The air, therefore, within the lungs is 
lighter and exerts less pressure than before, and the denser air 
outside, having greater pressure, presses inward until the air 
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Fig. 215. Inspiration. Fig. 216. Expiration. 


These diagrams show the positions in respiration of the sternum, dia- 
phragm, and abdominal wall. 


it in but make space for it, and the atmosphere outside presses 
it in. 

Expiration. — This is the reverse of inspiration. The space 
within the chest is diminished, and the air in the lungs is 
compressed and becomes denser than the air outside. This 
denser air has greater pressure than the outside air, and presses 
out through the air passages until the pressure is equal without 
and within (Fig. 217), and the equilibrium is restored. 

In ordinary quiet expiration, the lungs become smaller, due 
chiefly to the elasticity of the parts involved. When the air 
tushes in during inspiration, it fills the enlarged air cells, and 
the walls, being made partly of elastic tissue, contract again 
when the muscles of inspiration cease to act. When the ribs 


are lifted up during inspiration, the costal cartilages that con- 
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nect them with the sternum are slightly bent, and the elasticity 
of these cartilages, as well as the weight of the chest wall, 
causes the ribs to become lower 
when the muscles of inspiration 
cease to act. Many students 
get the erroneous idea that the 
diaphragm is also elastic and 
pushes upward when it relaxes, 
thus aiding expiration. When 
relaxed, it has no more elasticity 
than a piece of cloth, and no 
power to push itself upward. 
It should be remembered that 
muscles never push; they always 
pull by drawing their origin and 
insertion nearer. However, the 
Fig. 217. This diagram of first abdomen has been somewhat 
and seventh ribs in connection ‘ 
with the spine and the sternum Compressed, and its walls some- 
Le Upped RO eae ne 
The expiratory position is indi- Spifation. When the diaphragm 
cated by continuous lines, the in- relaxes, the elasticity of the 
spiratory by broken lines. 
muscular walls of the abdomen 
presses the organs against the under side of the diaphragm, 
pressing that in turn against the base of the lungs and aiding 





expiration. 

Quiet or passive expiration is, therefore, a rebound brought 
about by the elasticity of the air cells, costal cartilages, and 
abdomen, and by the weight of the chest wall. Active expira- 
tion adds muscular contraction to the above forces. The two 
layers of intercostal muscles are among those used in inspira- 
tion and active expiration (Fig. 218). When the upper ribs 
are held, the contraction of the intercostals raises the ribs; 
when the lower ribs are fixed, the contraction depresses the 
ribs. The intercostals act to raise or depress the ribs, depend- 
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ing upon the fixation of the ribs above or below. In active 
expiration the abdominal walls contract and press the abdomi- 


nal organs against 
the diaphragm, thus 
pressing upward on 
the lungs. 

Ease in breathing.— 
After studying the 
skeleton of the chest, 
carefully observing 
the bones and catti- 
lages, and by experi- 
menting upon his or 
her own breathing, 
the student should 
be able to explain 
why expansion and 


a 





Fig. 218. These diagrams indicate the action 
of intercostal muscles on inspiration and expi- 
ration. In A two ribs (a-b and d-c) are repre- 
sented in passive position. The two ribs move 
at the fixed points b and c. When the ribs are 
raised, the line a-d, which represents the ster- 
num, is farther from the spine b-c, as in C, and 
nearer when depressed, as in B. This obliquity 
of the ribs permits the increase in the depth of 
the chest on inspiration and decrease on expi- 
ration. 


contraction of the 
lower chest (abdominal breathing) is easier than breathing 
with the upper chest (costal breathing). 

The air we breathe. — Air is composed of a mixture made 
up chiefly of oxygen, nitrogen, and a very small quantity of 
carbon dioxide. Nitrogen is colorless, tasteless, and odorless: 
it does not support combustion, and is one of the most in- 
active gases known to chemists. The oxygen of the air is also 
colorless, tasteless, and odorless, but it is one of the most 
active gases known to chemists. The air exhaled contains 
about the same amount of nitrogen as that inhaled, but it con- 
tains much less of oxygen, because the latter has been replaced 
by an almost equal quantity of carbon dioxide. 

Composition of the air. — One hundred parts of pure air con- 
tain about 20 parts of oxygen, about 78 parts of nitrogen, 0.04 
part of carbon dioxide and less than 2 parts of other gases 
and water vapor. Air coming from the lungs contains 16 parts 
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of oxygen, about 78 parts of nitrogen, and over 4 parts of 
carbon dioxide. The air while in the lungs has lost 4 parts of 
its oxygen, there has been no essential change in the quantity 
of nitrogen, and it has gained 4 parts of carbon dioxide. The 
oxygen is in the air in order to supply an element to animals 
essential to their activity. The nitrogen in the air is not used 
in the body. The small amount of carbon dioxide in the air 
supplies the plants with carbon. Its quantity is being con- 
stantly added to by fires and by the breath of animals. The 
leaves of plants, aided by the sunlight, are constantly removing 
it, so that it is kept at 0.04 of one per cent in the air. 

Foul and fresh air. — It has been believed for many years 
that the cause of bad air was the presence of carbon dioxide 
coming from the lungs. At one time it was supposed that 
the air of crowded rooms contained an unknown poison. To- 
day, because of many studies, it is known that the carbon 
dioxide plays a very small part in contaminating the air of 
rooms and most of the foulness of air is due to a high temper- 
ature, high humidity, and lack of air motion. Fresh air means, 
therefore, not more oxygen or more “‘ozone,”’ but air of low 
temperature and low humidity in motion. The pulse rate in- 
creases from 67 to 106 as the temperature of the air rises from 
74° to 110° F. and the humidity from 68 to 90 per cent. We 
must recognize these facts and adapt our way of living to con- 
form to the knowledge we have. As a rule, our houses are 
overheated, and in rooms full of people the humidity is often 
too high. It is to be remembered that hot, humid, still air is 
to be avoided. The windows should always be open sufficiently 
to allow the air of the room to keep in gentle but continuous 
motion, the humidity to remain like that of the air out of doors, 
and the temperature not above 68° F. 

The hygiene of respiration. — Statistics indicate that 
among civilized races a large proportion of the deaths is due 
to lung diseases. This proportion is frequently estimated as 
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high as one seventh of the entire number. For this reason, it 
is important to care intelligently for the respiratory system. | 
The cilia of the air passages stop most of the dust before it 
reaches the lungs, but not all. If the dust is excessive, millions 
of particles enter the lungs. Fortunately, most housekeepers 
can now clean their rugs, curtains, and draperies with a vac- 
uum cleaner which does not raise and spread very much dust 
around the room. When a dusty cellar or garage must be 
swept with a broom, water should first be sprinkled on the 
floor to prevent the dust from rising and being inhaled. 
Breathing through the nose. — Breath may be respired through 
the nose or mouth, but nasal breathing is more desirable. 
There are seven reasons for breathing through the nose. 
(1) On account of the projections of the turbinate bones and 
processes into each nasal passage and the roundabout way the 
air takes in passing through the nose instead of the mouth, 
nasal breathing brings the air in contact with a much larger 
extent of moist and warm mucous membrane than does mouth 
breathing. The air becomes warm and does not, like cold air, 
irritate the trachea and bronchial tubes. (2) The air becomes 
purified, because the hairs just within the nostrils and the 
mucous lining of the latter serve to catch particles of dust. 
(3) While a mouth breather is eating, sufficient time is not 
taken for chewing the food, but it is swallowed too soon, so 
urgent is the necessity for breathing. (4) In the habitual 
mouth breather, the nasal mucous membrane, from lack of 
stimulus of the cold air, dries and shrinks, causing discom- 
fort; and since, in its dry condition, the circulation easily 
becomes obstructed, there is a predisposition to congestion 
and catarrhal nasal affections and injury to hearing. (5) An 
unpleasant expression of the face results from mouth breathing 
(Fig. 112). The lower jaw recedes, the upper teeth project; 
and the nostrils, which are not developed, may, in a grown 
man, be no larger than during childhood. (6) A person has 
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greater endurance in muscular exertion if he breathes strictly 
through the nose. He is capable of longer sustained effort, 
his lungs are kept more expanded, and the heart is not op- 
pressed; and, after a while, a “second wind” comes to him — 
for instance, during running. (7) The voice has more reso- 
nance if the nasal passages are open. 

Muscular action in breathing. — Expand your lungs, and see 
whether they will contract of themselves. Contract your lungs 
and see whether they will expand of themselves. See whether 
you can make waist, chest, and abdomen expand at the same 
time. You learned that the periods of rest taken by the heart 
muscles amount to how many hours daily? The breathing 
muscles also rest a considerable portion of the time; with 
calm and happy people they rest more than with people of 
anxious, unquiet dispositions. We can breathe by means of 
the expiratory muscles alone or by means of the inspiratory 
muscles alone, or by using each set alternately. When all the 
breathing muscles are relaxed, the lungs are at rest in what 
may be called the neutral position, since there is neither volun- 
tary contraction nor expansion. If now we use the expiratory 
muscles and contract the lungs, the muscles may relax during 
inspiration which follows, for it will be accomplished by the 
elasticity of the abdominal walls and organs, and of the 
cartilages of the thoracic cage; for these were bent when the 
cage was pulled from the neutral position. Try this method of 
breathing for a few minutes. 

Or, on the other hand, when the lungs are at rest, we may 
breathe by using the inspiratory muscles (Fig. 220) (dia- 
phragm and intercostals), thus expanding the lungs from the 
neutral position, and allowing the muscles to rest, while the 
elasticity of the parts forces out the air. Try breathing in this 
way. 

This expanded breathing has the advantage, over contracted 


breathing, of removing pressure from the heart and large blood 


THE RESPIRATION 3.45 


vessels in the chest, and allowing the heart to work with 
greater freedom. It also keeps the lungs more expanded. You 
learned in another paragraph that it is the usual method of 
quiet breathing; but strong, contracted breathing sends out 
fouler air from the deeper parts of the lungs. 

In both of these ways of using the breathing muscles, there 
is a pause in the neutral position before the next breath. But 
in a time of great exertion, as when running or during a time 
of excitement and in some forms of illness, there is no pause 
between breaths, and we use what may be called forced breath- 
ing. 

Respiratory exercises. —It has been stated that strong con- 
tracted breathing sends out foul air from the lower part of the 
lungs. Some people argue from this fact that we can remove 
the waste material by deep breathing, and some even go so 
far as to say that by breathing exercises we can get strong and 
vigorous. Now our physiology must help us at times when methods 
of getting health are proposed. It is known in the first place that 
the body doe. not store up oxygen in the body but takes in 
oxygen only in response to the needs of the body. If one 
stands at the window and breathes for fifteen minutes, will 
more oxygen be taken into the body? We have learned also 
that the rate and depth of respiration are governed by the 
amount of carbon dioxide in the blood, and when this gas is 
increased the respiration is increased in order to remove the 
waste. If we desire the effect of breathing exercises, we should 
engage in some game or activity that will make us breathe 
much faster. In this way our respirations will increase without 
our thinking about them, and in addition, we will get the other 
desirable results of the activity. 

There are some people whose chests are so small that they 
are unable to engage in any vigorous sport, because their lungs 
are not developed enough to supply the required oxygen. 
Such persons need breathing exercises to increase the mobility 
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of the chest, but in addition they need forms of activity like 
games, also running, in the case of boys, and skipping, in the 
case of girls. Some improper ways of breathing that are seen 
are due to faulty methods of dress, which, if corrected, will 
bring about a great improvement. 

Abdominal, chest, and natural breathing. — Breathing is a nat- 
ural process. It is not necessary to teach animals to breathe. 
A race horse, needing a very efficient respiratory mechanism, 
breathes without being taught. The breathing process is 
natural in man. It is true that he may breathe with difficulty 
because of constricting clothing or poor posture, but the cor- 
rection of the conditions causing the defect should be made rather 
than an attempt to teach a fancy method of breathing. 

There has been much discussion among physicians, voice 
trainers, and elocutionists as to the proper way to breathe, 
some advocating chest 
breathing, and some ad- 
vocating abdominal or 
diaphragmatic  breath- 
ing (Fig. 219). The 
fact that as elementary 
a process as breathing 
is still a subject of dis- 
cussion, illustrates how 
imperfect is the state 
of our physiological 
ete Fig. 220 knowledge, especially 


: when an attempt 1s 

These diagrams illustrate improper and 
proper methods of breathing. The dotted made to apply it to 
lines show area of expansion. P The 

Fig. 219. Here, owing to faulty posture, practical pr ea 
expansion of chest is impeded and breath is_ author believes that pure 
taken by the “diaphragmatic method.” : Ais! 

Fig. 220. Here the figure is properly chest breathing and 
poised and free from eae ta phragmatic breathing 
entire thorax can move freely, and natura rer ain 
breathing is the result. are both wrong, 
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that what may be termed natural breathing is the method to 

teach when corrections are to be made (Fig. 220). ) 
Natural breathing employs movement of both chest and dia- 

phragm. The greatest expansion is in neither chest nor abdo- 

men, but at the waist (Fig. 

221), and diminishes in Etat 


Man 


amount both upward and 
downward. The objection to 1 Mtl IG ihr Sete 
pure chest breathing is that Woman in Corset 


the marked movement of the 
upper part of the bony cage 
requires exhausting effort; 
such movement can be 
employed without waste of 
strength for only a short 
period, as in gasping for Indian Woman 
breath or during great mus- 

cular exertion. 


Qivilzed Woman who had never worn a Corset 


Man in Corset 


: feformed Corset Wearer 
In natural breathing, the Fig. 221. When Kellogg made 
diaphragm contracts but at these tracings of breathing many 


, : women were wearing tight corsets 
the same time the ribs are which interfered with their breathing. 


lifted upward and outward. The motion of the chest is recorded 
‘ > at the right; that of the waist at the 
and the points of attachment left. Interpret these tracings by what 


of the diaphragm are thus +S Showa in Figure 220. 

raised and separated so that the diaphragm flattens without any 
great descent. But in pure abdominal breathing, the movement 
is confined to the diaphragm and abdomen, and lateral action of 
the chest is suppressed (Fig. 219). The effect of this is to 
cause too great a displacement downward of the liver, stomach, 
kidneys, colon, and other organs. But in natural breathing, 
any great degree of downward movement is prevented by ex- 
pansion of the trunk at the waist. In abdominal breathing, 
the abdominal walls are entirely relaxed as the diaphragm 
descends, and the liver and other organs are moved but not 
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compressed. In natural breathing, they are compressed and 
slightly moved, with the result that the bloodis squeezed out 
of them towards the heart and the lymph is pressed upward 
through the thoracic duct. .The expansion of the chest at the 
same time helps to draw the blood upward. 

Ventilation. — For many years it was believed that the only 
element in bad air was carbon dioxide. Numerous experiments 
in recent years have shown that there are other factors to be 
considered also. These are lack of air movement, high tem- 
peratures, and excessive dryness. Concentrations of carbon 
dioxide much greater than allowed formerly may be endured 
if these physical factors are controlled. Thus, the emphasis 
in ventilation has swung from chemical to physical factors. 

This new interpretation of the factors in good air has led 
to practical application of the facts in the development of air 
conditioning. In this technique air is cooled or heated to the 
desired temperature, it is kept moving, and it is given the 
proper moisture. As yet air conditioning is applied mainly 
in theaters and other public buildings. A few homes are air 
conditioned but the practice is not general. School building 
codes in most states require ventilation by fans and mechanical 
equipment but these are meant to serve in delivering pure air 
rather than conditioned air. In these schools, better ventilation 
may be secured by open windows although there are some 
disadvantages in the process. 

In opening windows, care and discretion are required. If 
the room temperature is too high, windows should be opened; 
but unless those near the windows are protected by window 
boards only small openings may be made. Otherwise, those 
near the windows will be uncomfortable and the windows 
must be closed. Frequently this process of opening and 
closing the windows is repeated several times in public gather- 
ings due to the deplorable lack of discretion on the part of 
those eager for the advantages of wholesome ait. 
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The health of children at school often suffers, and a 
usually think it is because of the number of studies. ae 
idea is no doubt largely erroneous. The living in unwhole- 
some ait, both at home and at school, the close confinement 
in the schoolroom, sitting in a cramped position, and studying 
by improper light are the true causes in a majority of cases. 

Some persons in their anxiety for pure air become extremists, 
and forget that the body may likewise be injured by cold. 
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Fig. 222. For proper ventilation a room should have both an inlet and an 
outlet for air. Here the opening at the bottom of one window provides the 
inlet and that at the top of another the outlet. In cold weather fresh air 
should be warmed as it enters the room. Notice the location of the radiator. 


In ventilating a room, several purposes must be kept in view: 
to furnish air that is moving, moist, and of proper temperature. 

Methods of ventilation depend upon the principle that hot 
air is lighter than cold air and is pushed up by it. If you have 
two openings for ventilation, one higher than the other, at 
which opening does the warm air go out? If the higher open- 
ing is near the ceiling, do the persons in the room get the 
coldest or warmest air? Does such a method economize the 
fuel? If the inlet is near the floor, why should the radiator 
be near the inlet? Why should the outlet be on the side of the 
room farthest from the radiator? 

Good ventilation is arranged so that the fresh air shall be 
heated before or just after it enters the room, and that it shall 
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pass across the room in order that the occupants may get the 
benefit of both its warmth and its purity before it passes out 
(Figs. 222, 224). Why is it best not to have the outlet on the 
side of the house towards the prevailing wind in winter? If 
the inlet is so situated that the cold air does not pass over the 
radiator, a screen may 
be placed before the 
window to deflect the 
current upward and 
prevent its chilling 
those seated nearest 
the window (Fig. 223). 
If you find, by holding 
your hand near the in- 
let, that there is a 
good inward current, 
you may be sure there 
is sufficient outlet. If 
the outlet is not far 
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Fig. 224. A stove may 
; : supply heat for a rural 
rect the cold air diator, heat will be school where a furnace 


upward and thus wasted. If you know ‘8 2°¢ used. Air enters 
prevent it from through a speciaY inlet and 


blowing on per- there is a strong oOut- is warmed as it passes 


sons near the . through a hood surround- 
window. ward current, for in- ing the stove. 


stance when a fire is 
burning in an open fireplace, you may be sure that the same 
amount of air is entering somewhere, if only through minute 
cracks. 

When overenthusiastic people become interested in ventila- 
tion, they sometimes injure themselves by chilling drafts and 
low temperatures. The temperature of the room should be 
kept between 65° and 68° F. The foregoing directions 
for ventilation apply to cold weather. In warm weather, 
theaters and some other public places are ventilated by air 
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conditioning, as already explained. In the home, the rooms 
may be kept cooler during the heat of the day by drawing 
the shades and keeping the windows closed. Then as evening 
comes on, the rooms are widely opened to receive the fresh 
air from outside. 

The effect of tobacco on the respiratory organs. — Inhaling the 
smoke, which occurs to the greatest degree in cigarette smok- 
ing, inflames the delicate mucous lining of the bronchial tubes 
and air cells. There may result from this an irritating cough, 
short breath, and chronic bronchial catarrh. 

Tuberculosis. — Tuberculosis is a disease that may affect 
every tissue in the body except the muscles. It is widespread 
among man and some animals, and until recent years was the 
most common cause of death in the United States. The dis- 
ease is preventable, and by learning how to live it may be pre- 
vented; if one is attacked, the disease may be arrested in its 

early stages. 

The disease is derived commonly from other persons. Some 
member of the family suffering from the disease is the usual 
source of contagion. 

Young persons with tuberculosis commonly manifest the 
disorder in the bones, joints, glands, or lungs. Many persons 
are infected with the disease, but the bodily resistance prevents 
its full development. Later, if the habits of life are unhygienic, 
the disease may establish itself. Many cases in adults represent 
the development of childhood infections. 

Resistance to the disease. —'There are three essentials in the 
prevention of the disease: (1) food, (2) air, and (3) rest. 

Proper food in adequate amounts is essential. The fad of 
slimness favored by some high-school girls is dangerous when 
food supply is sharply curtailed. Bodily resistance is lowered 
and tuberculosis favored. Milk should be pasteurized. 

Outdoor air, sunlight, and play are sure ways for getting 
oxygen to the lungs and securing the beneficial effects of the 
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sun's rays. Students who neglect play for books are as one- 
sided in their interests as those who neglect books for play. 
Fine living will evince a balance in interests and among those 
that persist will be found games, sports, and play out of 
doors. 

Rest is essential. — Sleep is the best form of resting. Fatigue 
continued over several months sharply reduces resistance to 
disease. 

In addition to these essentials there are other factors related 
to the onset of tuberculosis. For example, dusty occupations 
show many cases among the workers. 

Signs of the disease. —The widespread infection among peo- 
ple means that the disease may develop very slowly and the 
individual be scarcely aware of its presence. Long before 
symptoms appear, the X-Ray may show changes in the lungs 
or tuberculous lesions of the lymph nodes at the hilum of the 
lung. When a healthy-minded and normally active person 
changes to an easily tired, unattentive one without appetite, 
the situation demands a thorough medical examination to de- 
termine the cause. The notion that cough is characteristic is 
both right and wrong. It is a sign, but a very late one. Long 
before cough develops, the patient should be under the guid- 
ance of a physician. 

General considerations. — The hygiene of respiration is 
only a phase of the hygiene of living. AV the methods that are 
available to help people to live finer individual lives and to pre- 
serve their strength and health for the welfare of the race are valu- 
able. Cleanliness of air is very important, but cleanliness of 
living is more impotrtant. 

Cleanliness. — Nearly all people are very careful to wear 
clothes that are perfectly neat and clean. Dust or mud upon 
their clothes is considered the highest degree of uncleanliness. 
Many think it of the highest importance to health and refine- 
ment to keep the skin clean by regular baths. But there are a 
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few that think it of still greater importance to keep the air 
clean that goes into the lungs. A few also think it necessary 
to keep the alimentary canal pure throughout by reasonable 
eating and living. We meet also with those who believe not 
only that the clothes, the skin, the lungs, the digestive organs, 
must be kept clean, but who believe, also, that the blood must 
be clean and fresh, ever renewed by a strong and vigorous flow. 
Furthermore, they live so that, as far as possible, it shall 
always be so. The daintily dressed lady or the dandified man 
would be horrified at a particle of mud that fell upon the 
clothes, but sometimes, if you are so unfortunate as to catch 
a whiff of the breath of such a person, its repulsive, sickening 
odor shows that foulness and uncleanliness have taken posses- 
sion of the lungs, or digestion, or blood. We should be careful 
to observe these five degrees of cleanliness, but which should 
we value most highly? There is another aspect of cleanliness 
that relates to the way the person lives. It is concerned with 
thoughts and actions. 

The mistake of the overstudious. — The pale student, thinking 
only of the desire for learning aroused by teacher or parents, 
and neglecting the promptings of his natural instincts towards 
complete living, thinks he is doing wisely and right when he 
is constantly delving into books. On the contrary, he is 
sinning against part of his nature and unfitting himself for 
accomplishing the best work he is capable of doing. 

The essential unity of body and mind. — All students should 
remember the fact that the individual, particularly as regards 
mind and body, is a unit and the health of the whole is de- 
pendent upon the health and vigor of its parts. The mind 
cannot achieve extraordinary success at the expense of the 
body, without a loss of real health values in both mind and 
body. Furthermore, it is important to remember that the 
brain, in the various phases of its development, has been 
associated with the muscular system, and for this reason we 
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must always look to the muscular system as the foundation 
upon which to build a safe and serene mind. This does not 
mean that one should seek to develop large and unsightly 
muscles with the hope of thereby achieving mental power, 
but it does mean that bodily activity in physical forms is absolutely 
essential for the highest and finest development of the brain and 
nervous system. The student in school or college who seeks to 
be excused from physical education classes is progressing 
in a direction which will bring a weak and devitalized body 
unless he provides on the outside a large and wholesome 
participation in games or sports. In this day of interest in 
and plans for public health and individual fitness, it is the duty 
of the boys and girls of the nation to share in this movement 
and bring to the service of the nation in all fields of endeavor 
a finer body and a more vigorous spirit. 


FACTS TO REVIEW 


1. The amoeba does not have lungs. Why does man require 
them ? 

2. Locate and explain the function of the larynx, pharynx, 
and epiglottis. 

3. What is the trachea? Why does it contain cartilages and the 
esophagus does not? 

4. How are the air cells of the lungs arranged? What passes 
through these cells? 

5. What are cilia? What purpose do they serve? 

6. How many lobes has the left lung? The right lung? 

7. How is the surface of the lung kept in contact with the 
chest wall? What are the pleura? 

8. Describe the shape and position of the diaphragm in the 
body. ; 
9, When the chest expands and the diaphragm descends on 
inspiration, why do the lungs follow the chest and diaphragm and 


thus become larger? an 
10. On expiration the diaphragm tises. Does it push itse 


up or is it pushed up? 
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11. Why is movement of the lower chest easier than of the 
upper chest? ya 

12. What is the essential difference between inspired and ex- 
pired air? 

13. Give the seven reasons for nasal breathing. 

14. Explain the difference between chest and abdominal breath- 
ing. 

15. What is natural breathing? 

16. What are the three essentials in the prevention of tuber- 
culosis? What then are the best means of treating the disease? 


QUESTIONS TO THINK ABOUT 


1. State how, in the case of a person of poor figure, a gradual 
remolding of the cartilages, the strengthening of the muscles, and 
the practice of chest lifting may each contribute towards acquiring 
a correct and perfect figure. 

2. How far is it in one’s power to determine the shape and 
appearance of his own body? 

3. Give reasons why the weight of our clothing should hang 
from the shoulders and not from the waist. 

4. Name nabits that impair the power of the lungs. 

5. How could you convince a person that a bedroom should 
be open while and after it is swept? That it should be ventilated 
at night? 


. Why do some persons “get out of breath” readily after a 
meal? 


7. Can a person become so used to bad air that he will not 
notice it? That it will not injure him? Explain. 
f 8. What is the temperature of your schoolroom? What should 
it be? 
9. What are the physical factors in a well-ventilated toom? 
10. Give the advantages of slow, deep breathing as compared 
with quick, shallow breathing. E 2 oe 
11. Why do those who stand up to hoe not get tired half as 
quickly as those who bend or “hump” over? 
12. Why do students who sit in rocking chairs, or from other 


causes lean the head forward when they study, often find that they 
recover from drowsiness if they sit erect. 
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Fig. 225. This ap- 
paratus is made by ty- 
ing over the bottom of 
the bell jar a sheet of 
dental dam with a 
marble tied in the cen- 
ter for a handle. The 
mouth is fitted with a 
cork, through which 
passes a glass tube with 
stopcock. At one end 
of the glass tube is tied 
a small rubber bag. 
When the tube is in- 
serted in the jar and the 
cork put in place, the 
rubber diaphragm 
should be pressed up- 
ward as shown. 
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INTERESTING THINGS TO DO 


1. Experiment —To study modifications 
of the breath. 

Study the following list of experiments 
with your own breathing. Write after each 
word I or E according as inspiration or ex- 
piration is chiefly involved in the action: 


Sighing Coughing — Sneezing 
Sobbing Laughing — Hiccoughing 
Crying Yawning Snoring 


2. Experiment — To study the mecha- 
nism of respiration. 

Material. — Respiration 
shown in Figure 225. 

Method and observation. — (a) Locate 
upon the respiration scheme what cor 
responds to the following — structures: 
(1) trachea, (2) glottis, (3) thoracic cavity, 
(4) lungs, (5) intrapleural space, (6) dia- 
phragm. (4) Produce inspiration by lower- 
ing the diaphragm. What happens to the 
lungs? What change occurs in the pres- 
sures in the chest cavity? (¢) Produce ex- 
piration by raising the diaphragm. Describe 
and explain what is noticed. (@) Close the 
glottis and try experiments 4, b, and c. 

3. Experiment — To study the effect of 
forced breathing. 

Material. — Watch with second hand. 

Method and observation. — The subject, 
seated, breathes naturally and counts the 
rate, and then breathes as deeply as pos- 
sible about 18 times a minute. The at- 
tention should be fixed on drawing deep 
inspirations. Continue it for 30 seconds; 
at once at the end of the 30 seconds count 
the rate and compare this with the normal 


rate. 


apparatus as 
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The deep inspirations re- 
moved the excess of carbon 
dioxide from the blood, and 
with this removed, the stimu- 
lus was less to the respiratory 
center in the medulla and so 
the rate was slowed. 

Repeat the experiment for 
one minute. 

4, Experiment — To study 
forced breathing without the 
excessive elimination of carbon 
dioxide. 

Repeat experiment 3 while 
holding a paper bag over the 
nose and mouth of the subject. 
Record the results obtained, 
compare with experiment 3, 
and explain. 

5. Experiment — To study 
the production of apnea (pe- 
riod of no respiration). 

(a) At the end of a normal 
expiration, the subject holds the 
breath until no longer able to 
do so. Howlong can it be held? 

(4) Repeat experiment (2) 
after taking a deep inspiration 
and counting from the end of 
a normal expiration. How long 
can it be held? Is this period 
longer or shorter? Why is this 
so? 


ao7 





Fig. 226. Here is a scheme to 
illustrate respiration (Harvard Ap- 
paratus Co., Boston). The water 
diaphragm is made to move up and 
down and causes a filling of the rub- 
ber bag. The water is moved by 
means of water in connection with 
the tube at the bottom of the picture. 
The left-hand mercury U-tube shows 
the change of pressure within the 
interpleural space; the other U-tube 
shows the change in pressure within 
the lung. 


6. Experiment — Respiration may be studied by means of the 
apparatus shown in Figure 226. Observe that the open ends of the 


U-tubes are in contact with the air. 
closed arms of the tubes is lowered, 


those arms of the tubes. 
happens ? 


When the pressure in the 
the mercury will rise in 


When the pressure is increased what 
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The functions of the nervous system. Communication. — 
The amoeba and other one-celled animals need no nervous 
system, but the larger animals, consisting of a colony of 
cells, as it were, need a means of communication between 
the cells, in order that their life may be harmonious. On 
Robinson Crusoe’s island a telephone or a post-office system 
would have been of no use, but a number of individuals living 
together and practicing a division of labor in the community 
for their mutual advantage are compelled to communicate 
with each other in order to make their wants known. The 
lowest of the many-celled animals, such as the sponges, have 
no cells specially set apart for carrying messages between the 
cells, but each cell passes the impulses it receives to its neigh- 
bor cell. This will do for a small and simple community of 
cells, but a larger community, like one of the higher animals, 
possesses certain cells, called nerve cells, whose chief function 
is to keep up the communication throughout the organism. 
In Chapter V you learned that the nerve cells did this by means 
of branches, which in some cases are several feet long. 

Co-ordination. — Did you ever see a crowd of people at a 
fire when a neighbor’s house was burning? Everybody ran 
out, yet very little was done. Everybody shouted orders which 
nobody obeyed. But on the arrival of the chief of the fire 
department or the head of a fire company, who had had experi- 
ence in the control of men fighting a fire, the scene changed; 
valuable property was saved, and the fire was stopped. 

Every community has certain deliberative and controlling 
bodies; these may be a board of aldermen, a court of justice, 
a legislature, or a Congress. In a similar way the great number 
of individual cells which make up the human body must be 
controlled by some central power, of they will not work in 
harmony; nothing will be accomplished, but a state of anarchy 
and helplessness called disease will follow. The seat of this 
central controlling power is located in the brain. 
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The nerve cells receive, modify, and send out impulses. By 
these three kinds of acts the nervous system accomplishes 
what is called co-ordination. This term signifies not only that 
the cells work together at the same time, but that they work 
together as a part of a plan for the accomplishment of some 
definite result. Suppose that a man sees a bright coin on the 
road and picks it up. In order that he may do this, the cells 
receiving through the optic nerve the impression of the shin- 
ing coin must be in communication, either directly or in- 
directly, with the muscles of the hand; and that the hand may 
reach the coin, the muscles of the arms, legs, trunk, head, and 
neck must act together. Even the heart and respiratory muscles 
must modify their action to suit the movement. 

Other organs besides muscles must be co-ordinated. — 
Suppose a boy sees a large red apple. He notices the odor 
which tells him it is ripe, and his “mouth waters” for it; that 
is, the salivary glands begin to work, even before he puts the 
apple to his mouth. The chewing and swallowing, the secre- 
tion and per.stalsis in the digestive organs are all carried on 
under the control of impulses that reach them through the 
nerves. Without these impulses, the salivary glands would 
not work when the mouth was chewing the food; the dry 
food would stick to the esophagus and have to be washed 
down with water; the gastric juice would not be secreted at 
Just the right time; the food would ferment in the stomach. 

The nerve cell, the unit of the nervous system. — You 
learned when studying the tissues that the nervous system 
consists of nerve cells with their branches, called nerve fibers. 
Nerve cells are microscopic bits of protoplasm, like other 
cells, yet they are remarkable among animal cells for their 
large size. Some of the cell bodies in the spinal cord are so 
large as to be almost visible to the unaided eye, and they have 
branches leading from the cord to the hand or foot. Each cell 
contains a nucleus, within which is a nucleolus. Nerve cells 
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are the most remarkable in the body for irregularity of shape 
(Fig. 251); some of them have so many branches that they 
have a starlike appearance (Fig. 227). 

Dendrites. — The dendrites are treelike branches of nerve 
tissue from the cell body. They bring impulses to the cell. 


-Dendrites 


Axon 


Cell Body 
Termination of 
Axon in Muscle Fibres 
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From Gates, “Elementary Psychology” 


Fig. 227. A neurone is composed of a nerve cell and its branches (den- 
drites and axon). Above is shown a motor neurone highly magnified. 


Through the dendrites the cell may be in communication with 
numerous other cells. A branch of one cell does not join the 
branch of another cell. It has not yet been settled by physt- 
ologists whether the ends of the dendrites of communicating 
cells actually touch. 

The axon and its parts. —In most of the fully developed 
nerve cells, one of the branches is very greatly prolonged as 
a fine thread of protoplasm, which becomes the core of a nerve 
fiber (Fig. 229). Every nerve fiber has such a core, called axis 
cylinder or axon. In most of them this central thread of proto- 
plasm becomes covered with two coats (Fig. 50); an outside 
protective coat forms a tube called the connective sheath, and 
between the walls of this tube and the central thread is a coat 
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of semi-liquid, fatty substance called the medullary sheath, 
which, shining through this outer sheath, gives a silvery white 
appearance to the fiber. Such fibers are called medullated fibers, 
or white fibers. Some fibers lack the medullary sheath, and are 
called non-medullated, or gray fibers. The axon terminates in a 
tuft of small branches called the terminal 
arbori zation. 

Neurone. — One nerve cell, together 
with all its branches, both dendrites 
and axon, is called a neurone. A neurone 
is the unit, and the nervous system is 
built up of an enormous number of 
these units, together with supporting 
tissue (Fig. 229). 

Many nerve fibers may be bound 
together by connective tissue until they 
form a cord large enough to be seen 
by the unaided eye (Fig. 228). A bundle 
of nerve fibers is called a nerve. The 
sciatic nerve in the thigh is as large as : 
the end of the little finger. The fatty Fig. 228. This section 
sheaths of the fibers are supposed to a RRS: Peeon 
insulate the fibers so that a nerve im- eoucrhke in snteeaiee 
pulse cannot go across to another fiber: eeu yaaa 
they serve the same purpose as the in- 
sulating substances with which wires for conducting electricity 
are sometimes coated. Asa rule, a large nerve accompanies an 
artery down the inside of each limb, and across the joint on 
the side towards which the limb bends. Thus they are well 
protected. One exception to this is a nerve cord which crosses 
the elbow on the side away from which the elbow bends. In 
this exposed position it is sometimes hit. This part is called 


the funny bone, because of the tingling sensation felt in the 
hand at the termination of the nerve. 
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Ganglion. — The cells are not scattered singly throughout 
the nervous system but are gathered into groups. This seems 
to afford easier communication from one cell to another 
through their branched dendrites, which are unusually short. 
One such group of cells situated outside the cord is called a 
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Fig. 229. A nerve cell showing axon, medullary sheath, and field of fibers. 


ganglion. Ganglion is not to be confused with the term 
“nerve center,” which relates primarily to function. The term 
“ganglion” refers to structure. 

Nerve center. — A group of nerve cells, situated in the brain 
or spinal cord, performing a definite function, such as con- 
trolling the muscles of breathing, form what is called a nerve 
center. The brain consists of a number of large nerve centers 
with their connecting fibers. There are many nerve centers 
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Fig. 230. Receptors are found in the walls of arteries. 
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Fig. 231. Every nerve fiber ends in a nerve cell of 
the spinal cord or brain or in one of the ganglia near 
the central nervous system. Here you can trace a fiber 
from the spinal cord to a muscle. 


in the spinal cord also. Where nerve cells, 
ganglia, and gray fibers are abundant, the nerve 
substance is gray; where medullated fibers with 
their hidden gray cores are abundant, the nerve 
substance is white in appearance. This led 
anatomists and physiologists in times past to 
classify nerve substance as gray matter and 
white matter. 

Neuroglia. —'The fibers and cells of both 
the gray and the white matter are held in place 
by a tissue <alled newroglia, which is com- 
posed of extremely fine fibers and minute 
cells. Though like connective tissue in func- 
tion, its chemical composition is different 
(Fig. 229). 

Terminations of nerve fibers. —If we could 
trace towards the central nervous system the 
course of the various nerve fibers in a nerve 
like the great sciatic for example, we should 
find that every one of its thousands of nerve 
fibers ends, without exception, in a nerve cell 
in the spinal cord or brain, or in any one of 
the ganglia near the central nervous system. 
If we should trace these same fibers away 
from the central nervous system, they would 


be found to have various endings. Some enter 


A 


Sen 


i 
4 


SE 


Organ 


bs 
Ry 
Uy, 


Muscle \\ 


: 





i 


365 


366 HEALTHFUL LIVING 


the muscles where they subdivide, and finally end in the 
muscle cells. Others follow the blood vessels and end in 
the muscle fibers forming the middle layer of their walls 
(Fig. 230). Others 
go to the gland cells; 
for example, the 
sweat glands in the 
skin. Others, pass- 
ing to the skin, ter- 
minate at the roots 


. Sr of the hair, or in 
ig. 232. ese touch endings, located on . . . 

oval bodies (called Pacinian bodies or cor- curious little bodies 
puscles) in the dermis, give the sense of composed of cells 


Pie de and called touch cor- 
puscles (Figs. 231, 232). Depending upon its function, every 
nerve fiber ends centrally in a nerve cell or peripherally in 
either a muscle cell, a gland cell, or a sense-organ cell. Fibers 
that end centrally are sensory and carry impulses to the brain 
and cord; fibers that end peripherally are motor or secretory 
and carry impulses from the brain and cord. 

Units of the nervous system. — The nerve cell with its 
branches constitutes the unit of structure and function of 
the nervous system. Such a unit is called a neurone. Neurones 
are of three chief groups. Efferent neurones ate out-bearing and 
connect with muscles or glands and carry impulses from the 
brain or cord to the outlying parts. Afferent newrones are in- 
bearing units that connect sense organs of the skin and other 
sensory areas with other units in the cord and brain. Association 
neurones connect the other neurones together and serve to 
make a unified system. 

The synapse. — Neurones make connection in definite fash- 
ion. The terminal endings of one neurone make connection 
with the dendrites of another neurone. The nerve impulse 
that passes through the neurone always travels from dendrite 
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to cell body, to axon, to terminal arborization. The place of 
connection between one neurone and another is called the 
synapse. This place of meeting is always in the cord or brain 
in the central nervous sys- Dendrites 
tem; in the autonomic system 
there are synapses in ganglia 
and plexuses. Several syn- 
apses are illustrated in Fig- 
Ute 255. 

How connections are made in 
the cord and brain. —It is a From Gates, “Elementary Psychology” 


common experience that Fig. 233. The terminal endings of 
one neurone make connections with 


touching a hot object results the dendrites of another. Above is a 
in quick muscular action to series of neurones showing synapses 


withdraw the injured part. Se aera cna 

What happens in the nervous system? With the touching of 
the hot object, an impulse is sent along an afferent neurone to 
the cord and an efferent message is conveyed to the muscle. 
This connection and action, which is indicated in Figure 234, 
is known as a simple reflex act. 

If the object touched is not very hot, the response to the 
offending stimulus may scarcely be conscious. If the stimulus 
is strong, one may give a cry or some other manifestation of 
injury and, in such case, the connections made involve the 
brain in its lower portion, called the mid-brain. The connec- 
tions in this response are indicated in Figure 235. 
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Fig. 234. These mechanisms are involved in a refl 


ex act or a reaction of 
the first level. 
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If now one hastens to apply soda to the burn or to place 
some object as a protection against the burning of others by 
the stove, then the series of connections in the brain have 
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Fig. 235. These connections are involved in reactions of the second or 
mid-brain level. 


involved the upper portion of the brain, known as the cere- 
brum. The series of connections in the brain are indicated in 
Figure 236. 

The nerve impulse. — The exact nature of the nerve im- 
pulse is not known. It is believed to be very much like elec- 
tricity, but since the exact nature of electricity is not known 
this does not explain very much. Its passage is very rapid, 
however. In the frog, it travels at the rate of one hundred feet 
per second. This is the speed of an express train going seventy 
miles per hour. In warm-blooded animals, such as man, the 
rate is nearly four hundred feet per second. 

General sensations. — The cells of the body are constantly 
sending impulses to the central nervous system, signifying 
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their needs. These impulses give rise to feelings to which 
the mind assigns no definite location in the body; hence they 
are called general sensations. Such feelings as hunger, thirst, 


Musele 





Sensory 

Neurone Neurone 

Fig. 236. Here are represented connection of the first, second, and third 
levels. The arrows indicate the several routes of the nerve impulse. 





fatigue, and sleepiness belong to this class. They are as well 
understood by a baby or any young animal as by a man; and 
unlike the special sensations, the meaning of general sensa- 
tions does not have to be learned, as the memor 
owing to inherited habits, 
system. 


y of them, 
seems to reside in the nervous 


Special sensations. — When something outside of the body 
acts upon the nerves, it produces a feeling or sensation by 
which the mind forms ideas of the surroundings of the body. 
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The meanings of these feelings must be learned when first 
perceived, and they are mostly learned in childhood. The 
special senses, taste, smell, sight, hearing, and equilibrium 
are of such importance that all will be included in a separate 
chapter. 

Injury to nerves. — If motor or efferent nerves going to 
a muscle are cut, there is paralysis of the muscle, so that 
there can be no voluntary or reflex action in the part. If an 
efferent nerve going to a gland is cut, the function of the 
gland will be almost suspended. Even if food is taken into 
the mouth and the sensory nerves carry the news to the brain, 
no impulse can return over the severed efferent nerve and the 
secretion will be very slight. When the motor nerve to a 
part is cut, the cells will be almost too inactive to absorb and 
carry on growth and repair. Hence unless continually under 
the influence of motor nerves, the cells dwindle away. When 
the cells are much used, the impulses sent cause them to 
take in more nourishment and to grow in size. Thus a muscle 
increases in size and strength when much used. You learned 
that during the action of a muscle, the vasomotor nerves going 
to the arteries in the muscle cause what change? Will this _ 
also aid in growth? When a nerve is cut, the ends, if placed 
together, will grow again, but the parts supplied by it will be 
paralyzed in the meantime. 

Nerves may become inflamed, and the disease is called 
neuritis, just as inflammation of the tonsils is called tonsillitis, 
or of the stomach is called gastritis. One of the many dangers 
of using alcohol is that it may produce neuritis. Either slow, 
steady drinking or occasional “sprees” may cause it. The 
disease gives no warning before it comes, and may remain a 
long while. This condition of alcoholic neuritis is due in 
part to neglect of diet — particularly to absence of thiamine 
(vitamin B,). Persons drinking considerable alcohol are 
likely to eat less and thus develop a deficiency condition. 
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Infection in teeth or tonsils may also cause neuritis, but Ae 
hol produces the disease as often as all other causes combined. 

General arrangement of the nervous system. — The 
brain and the spinal cord constitute the central nervous sys- 
tem. The nerves coming from the brain are the cranial nerves 
(Fig. 237). There are twelve pairs. Their names are: optic, 
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Fig. 237. There are twelve pairs of cranial nerves which arise from the 
brain and go out through the holes in the lower wall of the skull. (How 
many pairs of spinal nerves are there?) The cranial nerves are numbered 
according to the location of their roots, from above downward. 


olfactory, oculomotor, trochlear, trigeminal, abducent, facial, acu- 
StICHS, glossopharyngeal, Vagus OL pneumogastric, spinal-accesso ry, 
and hypoglossal. 

The nerves from the cord are called the Spinal nerves. There 
are thirty-one pairs of spinal nerves. 
from the central nervous system make 
tem. There are other nerves connectin 
tary structures, such as organs of the ch 


These nerves running 
up the peripheral sys- 
§ mainly the involun- 
est and abdomen, with 
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the cord. This connection is made by nerves that end in 
masses of nerve cells (ganglia) lying along each side of the 
front of the vertebral column. These make up the autonomic 
system. 

The spinal cord. Structure. — The various nerve fibers, 
both efferent and afferent, attach to the spinal cord by two 
roots, one posterior and one anterior. The efferent fibers 
of the anterior root, and the afferent nerves of the posterior 
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Fig. 238. This diagram of the spinal cord shows neurones that bring 
messages to the spinal cord; out from the cord; up to the brain. 


root (Fig. 238) join a short distance from the cord and form 
the spinal nerves. The afferent fibers end in a ganglion on the 
posterior root, and the ganglion sends an axon into the cord 
by the posterior root. The spinal cord extends from the foramen 
magnum, ot © great opening,” in the occipital bone down to 
about the second iumbar vertebra. 

The spinal cord, which is about the size of the little finger, 
is only about two thirds as large as its tube, so that it 1s not 
likely to be injured by bending the spinal column. The rest 
of the space in the canal is taken up by a lymphlike liquid 
and three membranes called meninges, which form a triple cover- 
ing for the cord, extending into the skull and covering the 
brain. An inflammation of them constitutes a very serious 


disease called cerebro-spinal meningitis. 
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A cross section of the spinal cord shows that it is a double 
organ (Fig. 239), the halves of which are united by only : 
narrow portion; it shows also that the central part of the te 
is of gray matter in the outline of a butterfly surrounde y 
a thick layer of white fibers. The gray portion is made up o 
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Fig. 239. Notice in this transverse section of the spinal cord that the 
anterior part is above in this cut. 


nerve cells that give off fibers, many of which go to the spinal 
nerves while others go upward in the outer white portion of 
the cord. The white tract also contains motor threads that 
bring impulses from the brain to the cells in the gray matter. 
Function. — The brain sends impulses to the cells in the 
spinal cord, and they, being aroused, in turn transmit motor 
impulses to the muscles. When a person wills to move his 
hand, an impulse goes to the spinal cells, which send impulses 
to the muscles in the arm, resulting in contraction. The brain 
sends about ten impulses per second to keep the muscle in 
action. Thus, before it can relax, another impulse reaches it. 
Each muscle has its own set of spinal cells in the cord, which 
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act as a relay station between the muscle and the brain. The 
cells of the spinal cord have another very important duty; they 
largely control reflex action. At times it would take too long 
for the brain to act, so the body needs a quicker governing 
power to supply its needs or protect it from injury. If the 
finger touches a hot object, the brain becomes conscious of 
the burn and of the movement of the finger at about the same 
time. There are also many acts that are performed so often 
that the spinal cord acquires the habit of sending back the 
appropriate impulses. Thus muscles and other organs may 
be controlled and the brain be relieved to attend to other duties. 

The same motor cells of the spinal cord that produce 
motion in a part also exercise an oversight that controls the 
growth and nutrition of the cells in that part. The impulses 
from the spinal cells furnish a constant stimulus to growth 
and repair. 

A crumb entering the larynx brings on a fit of coughing. 
A dash of cold water makes us hold our breath. A pinch of 
pepper causes us to sneeze. If the foot of a sleeping person 
is tickled, he will kick; if a fly settles on his face, he will brush 
it off. Sometimes a person in an unconscious condition will 
drink a cup of water, if it is placed to his lips. In swallowing 
the palate is lifted to close off the nasal passage and the 
larynx is lifted to close the glottis. With these two areas shut 
off, the water can be forced down the esophagus (Fig. 240). 

When one is learning new movements, such as walking, 
skating, writing, riding a bicycle, each movement is a voluntary 
one as far as the will is capable of watching so many muscles. 
The movements are, therefore, slow and awkward. After the 
movements have been made many hundreds of times, they 
become easy and graceful, and also less voluntary. This is 
accomplished by the nerve impulse selecting the pathway 
that gives the right response. At first many pathways are used 
and tried. When the pathway is found that gives the result 
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sought and there is pleasure in 


the reaction, then the move- 
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stand still in the face of great danger. Reflex activity of glands 
is often not related to movement. The secretion of tears, 
caused by a cinder in the eye, is reflex. The impulse is carried 
to the lachrymal (tear) gland by the secretory nerves, which 
are efferent but not motor. 

Education of reflex action consists mainly of the formation 
of habits. The impression on the nervous system from the 
training is made chiefly on the spinal centers. When the 
muscles of the hand are educated, it is really the spinal cells 
that are educated. During youth, one is always acquiring good 
habits or bad habits. The habit of an upright, easy walk, 
the habit of dropping into a stooping posture, of putting 
the hands in the pockets, of making wry faces, of mumbling 
and stammering, or of talking distinctly and without hesitation 
may be acquired, and will probably remain through life, for 
impressions made on the nervous system in youth are lasting. 
The habit of eating temperately of pure food, the habit of 
stuffing, of awaking the nerves with stimulating condiments, 
of using alcoholic stimulants, of using tobacco are easily 
acquired, but are lost with difficulty. Good habits are good 
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friends; bad habits are enemies. It often requires years of 
constant effort to root out bad habits, but it is very easy to 
keep them out in the first place. Yet if the wish and will for 
a better habit are really strong, one need never despair; for on 
Spinal Cord account of the large size and 
great activity of the brain and 
its preponderance over the 
lower reflex centers, man is 
distinguished above all other 
animals by his power of 
forming new habits. If our 
ideals are high, we can go 
on forming better habits and 
intrusting them to the keep- 
ing of the nerve centers. 
Thus we make step after step 
Fig. 241. On the right is shown the towards our ideal. If our 
moras nerone sunning direc © ideals are not high, or if 
motor neurone terminating in a they are mere theories and 
ganglion center from which neu- never affect our acts, we ma 
rones of the autonomic system con- : y 


tinue to the gland and the smooth never improve but may even 
muscle. 






Ganglion 
Center 


degenerate. 

The autonomic system. — In addition to the spinal and 
cranial nerves there are other nerves which innervate the organs 
of the body. These come also from both spinal cord and 
brain. At one time they were called sympathetic nerves, but now 
the name autonomic is given to them. They supply the viscera, 
blood vessels, glands, and hair. It is seen, therefore, that 
skeletal muscles receive their stimulation from the central 
nervous system and the involuntary muscles of the body re- 
ceive their stimulation from the autonomic system. Now the 
motor nerves supplying the skeletal muscles come from cells 
which lie in the ventral part of the spinal cord; the glands and 
smooth muscle of the viscera receive their innervation from 
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nerves which come from ganglions which lie outside the spinal 
cord. The difference between the two systems in type is 


shown in Figure 241. The neurones 
running to the visceral organs usu- 
ally have their cell bodies grouped 
in ganglia, and this arrangement 
gives rise in certain places to a mass 
of nerve tissue which receives the 
name plexus. Hence, we have the 
solar plexus, the cardiac plexus, the 
splenic plexus, etc. (Fig. 242). The 
ganglia and plexuses of the auto- 
nomic system are connected with 
the brain and spinal cord by neurones 
whose cell bodies lie within the 
spinal cord. It is to be noted, there- 
fore, that there are two sets of 
neurones of this system: one from 
the cord and drain to the ganglion, 
sometimes called the preganglionic 
neurone; and one from the ganglion 
to the viscera and gland, sometimes 
called the postganglionic neurone. 
This arrangement is shown in Fig- 
ure 241. The name autonomic in- 
dicates that the structures supplied 
by these nerves are not under vol- 
untary control. 


Solar 
plexus 





Hypogastric \ 
plexus 


Fig. 242. Neurones run- 
ning to the visceral organs 
usually have their cell bodies 
grouped in ganglia. This 
gives rise in places to a mass 
of nerve tissue called a plexus. 
Above are indicated three 
plexuses of the autonomic 
nervous system. 


Moreover the old name Sympathetic is unsatisfactory be- 
cause this term is applied now to one of the two divisions into 
which the autonomic is divided. These divisions are: sym- 


pathetic and parasympathetic. 


The sympathetic division distributes nerve fibers to the 


heart, lungs, alimentary canal, 


and the digestive glands. 
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Other branches go to the eye and vessels and glands of the 
head. 

The parasympathetic division shows two parts, the cranial 
and sacral. The cranial portion sends fibers to the iris of the 
eyes and causes dilation of the pupils. Nerve fibers go to the 
salivary glands, thyroid, and the blood vessels of the face and 
neck. Nerves to the muscles of the hair on head and neck 
cause it to stand on end under emotional excitement. Nerve 
fibers from the cranial portion pass to the heart, lungs, stom- 
ach, upper intestine, liver, pancreas, kidneys, and blood vessels 
of arms and upper trunk. 

The sacral portion of the parasympathetic supplies the 
colon, bladder, and sex organs (Fig. 243). 

Functions of the autonomic system. — The cranial autonomic 
serves to protect the body and to conserve its strength. The 
main part of the cranial division is the vagus nerve, which 
runs to the heart and all the abdominal organs (Fig. 243). 
The cranial autonomic goes also to the salivary gland and 
causes it to secrete more saliva. It slows the heart and causes 
the contraction of the pupil. An analysis of these functions 
will show that this division serves to conserve the body. By 
slowing the heart, the cardiac muscle is given a chance to rest; 
by contracting the pupil the retina is protected; by stimulating 
the flow of saliva, gastric, and other digestive juices and by 
causing the contraction of the smooth muscle of the viscera, 
all the processes of digestion are accelerated with the least 
expenditure of energy. The acceleration of digestion makes 
for conservation of strength and reserve force. 

The sacral division provides for the contraction of the 
smooth muscles concerned in emptying the organs which 
hold the waste of the body. These nerves control the action, 
therefore, of the colon, rectum, and bladder. This section 
may be thought of as rendering service to the body by keeping 


the waste removed. 
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Fig. 243. Locate the following important parts of the autonomic nervous 

Pca (a) preganglionic fibers; (b) postganglionic fibers; 
ganglia situated outside the cord; spinal cord 
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This very complex mechanism for controlling the involun- 
tary action of the bodily processes has a very interesting func- 
tion, in that there is antagonism between the ends and central 
part of the system. When the mid part meets either end part 
in any viscus their effects are antagonistic. For example, the 
cranial portion of the parasympathetic fibers contract the 
pupil, the sympathetic fibers dilate it. The cranial fibers (the 
vagus) slow the heart, the sympathetic (the accelerator nerves ) 
accelerate the heart. These opposed effects are indicated in 
Figure 243 in which + means contraction, acceleration, and 
— means relaxation, retardation. Functioning properly, the 
two effects balance. 

These functions are very complex, but it is important to 
understand the working of this mechanism and to see how 
this knowledge can guide us in shaping our lives so that we 
may act in harmony with the mechanism of our bodies and 
not against it. It is always of value to act in accordance with 
the laws of health as well as the laws of the nation. From an 
understanding of this autonomic system we appreciate why 
‘t is desirable to be happy and cheerful at mealtimes in par- 
ticular. Emotional disturbance near mealtimes interferes with 
digestion because the sympathetic fibers carry the impulses 
concerned in rage, anger, fear, or pain, and these impulses 
will interfere with the impulses sent by the cranial division, 
supplying the digestive juices. Excitement disturbs digestion 
and even pleasurable excitement may be harmful in this re- 
spect. Can you think of some incident in which such was the 
case? Otherwise, all the processes of the body are assisted 
and accelerated by conditions that are cheerful. Happiness is 
a desirable stimulant and will work marvelously to keep the 
body well. One should not give expression to feelings of 
crossness, sullenness, pouting, or anger. Beyond the fact that 
they injure the body, of more importance is the fact that they 
make other people unhappy. 
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Afferent nerves of the autonomic System. — The afferent impul be 
through these nerves are slow and faint, seldom reaching e 
yond the spinal ganglia to the brain. Thus the circulation oO 
the blood and the digestion of the food usually go on without 
our consciousness, but a very strong irritation may give rise 
to consciousness and pain in the abdominal organs, as in colic 
or in vomiting. Sensory impulses, signifying the needs of the 
cells and the necessity for movement in the arteries and in- 
testines, are being continually sent to the spinal ganglia 
(Fig. 243). Only very strong impulses, caused by disturbances 
that may injure the body, reach the brain, and cause pain. 

Efferent nerves of the autonomic system. — The efferent nerves 
carry impulses which cause the epithelial cells of the glands 
to make their secretions and the muscles of the arteries and 
intestines to contract. They do this as a reflex response to 
the impulses going to the spinal ganglia from the sensory 
nerves of the system. At a flash of bright light the eye winks 
and the pupil contracts. The sweat glands secrete under the 
influence of warmth. It was formerly believed by physiologists 
that the autonomic ganglia themselves sent the reflex motor 
impulses, but it is now believed that these come from the 
spinal ganglia. The autonomic ganglia are supposed to rein- 
force the current and aid in the nutrition of the nerves that 
pass through them. 

The brain. — The spinal cord can act only in response to 
impulses at the moment they are received, but the brain can 
originate impulses which are not in direct response to a stimu- 
lus from the outer world. Its acts, which are apparently spon- 
taneous, probably result from the combination of impulses 
previously received, which memory has enabled it to store 
away and retain. The brain not only causes action and directs 
the cord in giving order to voluntary movements, but it can 
restrain excessive action in the spinal cord. Self-control comes 
largely through the power possessed by the brain of restraining 
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Oliver Cromwell’s brain is said to have weighed almost eight 
ounces. Other great men have had large brains, but as) 
great minds have inhabited very small brains. Quality is as 
importantias quantity. However, the brains of certain types 
of idiots are very small. 

The cerebrum. — The chief parts of the brain (Fig. 244) are 
the cerebrum, the cerebellum, and the medulla oblongata. The 





So 
<—s 
> 


Fig. 246. There are localized areas for sense-perception, consciousness, 
reason, and voluntary action in the cerebrum. 


cerebrum, or great brain, divided by a cleft into two parts, is 
highest in the skull, and covers all the other parts (Fig. 246). 
It is composed of cells which lie in the cortex and fibers which 
ass from the cells to and from the spinal cord and cranial 
nerves (Fig. 245). Sense-perception, consciousness, reason, 
and voluntary action are located in the cerebrum. The cere- 
brum, like all other organs, is dependent upon circulation, 
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respiration, digestion, and excretion. If the heart suddenly 
weakens its action very much, or if the vasomotor nerves allow 
the arteries to lose tone suddenly and increase their capacity 
for blood, the person faints from a weakening of the circula- 
tion through the brain. Recovery is brought about by placing 
the head on a lower level than the body, so that the blood may 
run to the brain with less exertion on the part of the heart. 
A violent blow on the head may make one insensible at once. 
By breathing chloroform, ether, or carbon dioxide, or by taking 
morphine, the quality of the blood may be so altered as to 
bring sleep. In order that the brain may act, it must be con- 
stantly aroused by impulses from the outer world. Man loses 
consciousness as soon as his cerebral hemispheres cease to 
act; but his heart and lungs keep at work. It is curious that 
touching the cerebrum or stimulating it with electricity, when 
it has been exposed by accident, arouses no sensation, al- 
though this organ is believed to be the seat of consciousness. 
This fact is of great interest, for it shows that impressions 
coming from the sense organs alone enter into consciousness. 
Fresh air, good food, and pure blood are essential for the best 
functioning of the cerebrum. 

Effect of removing cerebrum. — After destruction of the 
cerebrum, an animal may continue to live, if fed by hand. It 
can run about and swallow food placed within its mouth. It 
will be disturbed by a loud sound, such as the blowing of a 
horn. It might avoid a bright flame, if placed in its path, but 
it would go stupidly against other objects. The animal, how- 
ever, must be considered idiotic, for all acts of intelligence 
cease. Its time is spent in sleep or mechanical wandering. A 
frog deprived of its cerebrum retains more extensive powers 
than a warm-blooded animal. It starts hopping when touched, 
avoids obstacles in its path, recovers its usual position when 
placed on its back, swims when thrown into water, and when 
placed on a board that is slowly tilted, it will preserve its bal- 
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ance by climbing to 
the top. These ac- 
tions are reflex but 
of a higher order 
than a simple reflex 
act. The reason the 
frog continues hop- 
ping after being 
touched is that each 
s pie aes A view of one cerebral hemisphere hop, owing to the 
rom between the hemispheres shows motor : 
and sensory centers. contact of the skin 

with the ground, ex- 
cites another hop; the animal never begins to move of its own 
accord. 

Centers in the cerebrum (Figs. 246, 247, 248 ).—When the part 
of the cerebrum that lies behind the ear is destroyed, a loss of the 
memory for the meaning of words may result. One can speak, but 
his words followeach other without sense or meaning. The sense 
of hearing is supposed to be located in the same region. The 
sense of sight is lo- 
cated in the rear part 
of the cerebrum. If 
the rear part of the 
left hemisphere is 
destroyed, a man is 
unable to see any- 
thing to the right of 
his nose when his 
eyes are directed 
straight forward. The 
sense of smell lies at 


the base of the cere- Fig. 248. Motor and sensory centers i ES 
dicated above. Most centers occur in bot 
brum towards the hemispheres, and if one is injured, the other 


front (Figs. 247, 249). will continue to work. 
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A wounded soldier was brought to the surgeons with part 
of his skull torn away. The surgeons used an electric current 
to test whether the 
nerves were para- 
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that whenever the 
electric current 
was applied to the 
wounded part of 
the head, muscular 
movements were 


excited. It was Fig. 249. The main olfactory nerve ends in the 

. form of a bulb on the floor of the skull. The 
soon determined fibers branch from this bulb like the roots from 
that by stimulat- an onion and spread out on the walls of the nasal 


; : chamber. 
ing electrically a 
certain area of the cerebral cortex, movements on the opposite 
side of the body can be excited. This area, called the motor 
area (Fig. 245), lies under the parietal bone and extends from 
the top of the brain to the level of the ear. By experiments 
on monkeys and dogs, and by studying cases of accidents to 
the skull in human beings this area has been subdivided. 
Stimulation of the lowest part causes movements of the face; 
of the middle part, the arm; and of the upper part, the leg. 
It is to be noted that the movement is always on the side 
Opposite to the stimulation (Fig. 248). When the lowest part 
of the area on the left side in right-handed persons is injured, 
the power of speech is lost. The comprehension of words and 
the ability to write, read, and hear language, however, is not 
lost. With left-handed persons, this center is on the right side. 
The cerebellum. — The cerebellum, or small brain, is at the 
base of the skull behind. If a pigeon has its cerebellum re- 
moved, it is restless and has wide-open eyes; it flutters, but 
cannot fly. If the cerebrum is removed and only the cerebel- 


388 HEALTHFUL LIVING 


lum remains, the bird is stupid but flies, if thrown into the 
air. By placing the hand at the back of the skull between 
the occiput and the neck, you will cover the part occupied 
by the cerebellum. Co-ordination of the muscles is carried 
out by the cerebellum. You will to walk through activity of 
the cerebrum; the control of the muscles while walking is 
the function of the cerebellum. In this function, the eyes and 
semicircular canals in the ears assist. 

Function of the cerebellum. — The removal of the whole of 
the cerebellum from an animal does not produce death as long 
as the medulla is not injured, but the animal becomes weak 
and unsteady in its movements. If the cerebrum remains, the 
mental faculties are retained. Disease of the cerebellum in 
man produces dizziness and leads to a staggering, reeling gait. 
Hence it is believed that the function of the cerebellum is to 
aid the cerebrum in the control of the muscles. It brings about 
proper co-ordination of the muscular movements, so that in 
such movements as standing, walking, and talking, the differ- 
ent muscles may each act at the right moment and with due 
force. The spinal cord also co-ordinates movements. For 
instance, if a frog is decapitated and left quiet for an hour or 
two, so that the spinal cord may recover from the shock due 
to the injury, it may be made to execute seemingly purposeful 
movements. If a drop of acid is placed on the flank of such 
a frog the leg will be drawn up and the acid wiped off with 
the toes. But such co-ordinated movements are not accom- 
panied by consciousness. 

The medulla oblongata. — This, the most important of the 
cerebral ganglia, may be looked upon as the part of the spinal 
cord within the skull. It is just within the foramen magnum, 
and is intermediate in position and function between the brain 
and spinal cord. The spinal cord acts reflexly; the brain acts 
consciously. Conscious actions are those which are influenced 
by mental images or ideas. The medulla contains reflex centers 
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and the centers of automatic action. This kind of action 
should not be confused with acquired reflexes, such as walk- 
ing, to which the term ‘automatic’? is sometimes applied. 
Automatic centers are those which are controlled by the con- 
dition of the blood. One, the respiratory center, is stimulated 
by an increase of carbon dioxide in the blood. If it is injured, 
death ensues by suffocation. The cerebellum or even the cere- 
brum may be injured or removed from the lower animals 
without causing death, but the smallest injury to the respira- 
tory center kills the animal immediately. In cases of hanging, 
it is injury to this center that causes death. Another very 
important center in the medulla, controlled by automatic 
action, that is, by the varying condition of the blood, is the 
center for vasomotor nerves, which regulate the size of the 
blood vessels. It was previously learned that the vasomotor 
fibers belong to the autonomic system. There are also impor- 
tant reflex centers in the medulla, such as the centers for the 
secretion of saliva, for swallowing, for vomiting. 

How automatic centers work. — As the blood becomes 
deficient in oxygen and charged with carbon dioxide, the 
respiratory center is irritated and sends out impulses which 
cause deeper breathing. This improves the condition of the 
blood, and the respiration is quieter until the blood again loses 
oxygen; then stronger impulses are sent, and so on, thus regu- 
lating the condition of the blood automatically. The size of 
the blood vessels is regulated in the same way by the vaso- 
motor center in the medulla, increase of carbon dioxide causing 
contraction of the surface vessels, and decrease of it causing 
relaxation. Automatic acts take place in series. Reflex acts, 
such as walking, for example, can take place in series also, 
but the first stimulus in reflex acts comes from without the 
body. In automatic acts, on the other hand, the stimulus 
comes from the blood. Figure 250 shows how a center con- 
trolling the secretion in a gland may receive impulses from 
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Fig. 250. Salivary glands are controlled automatically by nerves. (After 
Landois and Sterling.) 


the mucous membrane or from the brain, and then send on 
impulses to the blood vessel to dilate and supply more blood 
and to the gland to secrete. 


FACTS TO REVIEW 


1. Explain the significance of the term “co-ordinates” in rela- 
tion to the nervous system. 

2. What is a neurone? Describe one. 

3, Differentiate among a neurone, a nerve fiber, and a nerve. 

4, Why is the “funny bone” in the elbow so sensitive? 

5. What is a ganglion? What is a nerve center? 

6. What are the distinctive characteristics of white and gray 
matter? 

7. Where do the nerve fibers terminate? 

8. In an afferent neurone, where are the sense receptors? Where 


is the cell body? 
9. In an efferent neurone, where is the terminal arborization ? 


Where is the cell body? 
10. What are receptors? If an impulse passes from an afferent 


receptor over a neurone, where would the cell body be? 
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11. What is a synapse? In a reaction of the first level where 
would the synapse be? What synapses would be involved in reac- 
tions of the second and third levels? 

12. Trace an afferent impulse from the hand to the spinal cord 
and out over an efferent neurone. 

13. When an efferent nerve is severed, what happens to the parts 
supplied by the nerve? . vr 

14. What is alcoholic neuritis? How may this be due to vitamin 
B deficiency ? 

15. How many spinal nerves are there? Explain how they are 
formed and their relationships to the cord. 

16. What is the autonomic nervous system? Name and describe 
its two divisions. 

17. How do the autonomic nerves help to protect man in 
emergencies ? 

18. What are the convolutions of the brain? 

19. What is the cerebrum? What is its chief function? Illustrate. 

20. Describe the structure and chief function of the cerebellum. 

21. What is the medulla oblongata? What structures are located 
here? 


QUESTIONS TO THINK ABOUT 


1. In infantile paralysis there is a destruction of cell bodies 
of efferent neurones in the gray matter of the cord. Why should 
this cause paralysis? 

2. Would adjustment of spinal vertebra have any influence 
upon the paralysis? Explain your answer. 

3. If one desires to train the neurones of the nervous system 
so that speed in typewriting can be increased, what exercise will 
one use? 


4. If one receives bad news, what should one do to prevent ill 
effects upon the body? 

5. How does the interrelatedness of the autonomic nervous 
system indicate the need for control over the emotions? 

6. What are the emotional states to avoid? 
wholesome effects ? 

7. What have you learned from the study of the nervous system 
that you can apply in interpreting the rule regarding straight think- 
ing? Answer this question also, after studying the next chapter. 


What ones have 


392 HEALTHFUL LIVING 


INTERESTING THINGS TO DO 


1. Close the eyes, place the end of the index finger of the right 
hand upon the tip of the nose. Are you able to do this? Explain. 

2. With the right hand pat the top of the head and with the left 
hand rub the stomach, using a circular motion. Are you able to 
do this? Explain. 

3. Cross one leg over the other. Strike the tendon just below the 
patella. What happens? Explain. 

4, Make a movement of the arm to sideward horizontal. What 
~ neurones are involved? Close the eyes and repeat the movement. 
How do you know that the arm is horizontal? What neurones tell 
you this? 

5. Observe what happens to your breathing when you get under 
a cold shower. Explain. 
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Connection between body and mind. — The terms body 
and mind are convenient to use, but they represent only as- 
pects of the whole organism. Body is more than the physical 
structure of the individual: it includes his functions also. 
Walking, thinking, laughing, holding ideals, and numerous 


other acts are functional aspects of the living individual. 
393 
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Thinking, for example, is not a function only of the brain, 
because various parts of the organism, such as glands, muscles, 
and other organs play responsible parts in thought and emo- 
tion. The notion of a ‘“‘sound mind in a sound body”’ is 
splendid if it does not lead one to regard the former as inhabit- 
ing the latter. There are many familiar examples of the con- 
nection between mind and body. Most men who have been 
great workers with their minds have also been zealous in using 
their muscles. 

The connection between body and mind is readily illus- 
trated. The pulse rate is affected by every emotion. Shame 
causes the blood vessels of the face to dilate. Painful emo- 
tions excite the activity of the lachrymal or tear glands. Joy 
increases ease of movement. If an excited or angry man who 
is walking to and fro sits down, his excitement decreases. A 
starving man and one suffering from fever have hallucinations. 
The care of the body for the mental effect as well as for the 
sake of the body itself is only gradually regaining the high 
place it held among the Greeks and the Romans, a place which 
it lost during the Dark Ages. 

The effect of activity on the nervous system. — If the 
cells of any tissues are not active in the performance of the 
work for which they are intended, they become weakened. 
It is the same with the nervous system. Fresh and new sensa- 
tions are necessary for the health of the brain; those mental 
faculties that are used become strong. Unused muscles be- 
come flabby and ill nourished because the circulation in them 
is weakened; the circulation in inactive nervous tissue also 
becomes less active. Mental activity strengthens the nervous 
system and the body in general. If one protects his sensory 
nerves by too warm clothing and never lets the cold air strike 
them, they become weakened and unreliable and allow the 
blood vessels to lose tone. They are likely to do strange 
things with the circulation, causing colds and disease. If, 
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because of pulpy or soft food, the nerves of the alimentary 
canal are not mechanically stimulated, peristalsis is weakened 
and the intestine becomes clogged. The loss of tone in the 
circulation and the sluggish peristalsis, with the troubles that 
follow, can often be improved by taking a cool bath every 
morning. The stimulus to the sensory nerves spreads reflexly 
to the vasomotor nerves and to the autonomic fibers of the 
intestine; these are “toned up” and restore activity to the 
involuntary muscles. 

The effect of sleep. — The cells of the body with all their 
industry are not tireless, and at intervals require rest (Figs. 
251, 252). During sleep the heart beats more slowly, respira- 
tion is less rapid, the muscles in general are relaxed, the gland 
cells diminish their secretions, and digestion is slow. The 
production of heat is lessened and the body must be protected 
from cold. Yet consciousness is the only function entirely 
in abeyance. The sound of a passing vehicle quickens the 
pulse of the sleeper without awaking him; if he is touched, he 
moves. Sleep :s deepest during the second hour, and it then 
takes a much louder sound to awaken him than during later 
hours. Sleep becomes gradually lighter until awakening occurs. 
When consciousness is partly present, the condition is called 
dreaming. In somnambulism the sleeper may talk or walk as 
he dreams. 

There are different explanations given for the cause of sleep. 
Some believe that it results from the accumulation of waste 
products in the body; it is also held that it is due to lack of 
circulation in the brain. Now the process is not fully known, 
but it is perfectly clear that individuals require sleep (Figs. 
251, 252). If sleep is interfered with, the body is injured. 
There should not be in this as in so many other things the 
disposition to make yourself and your friends uncomfortable 
by the insistence at all times on a certain number of hours. 
There are occasions when it may be very desirable to take less 
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Fig. 251. There are various types of nerve cells (bodies) in the spinal cord. 


These cells are rested. 
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sleep than usual, and we should be able to go with less 

sleep for a time in the accomplishment of important work. 

The number of hours of sleep for children of different ages 1s 
iven on page 398. ve mel. 

; For a sound nervous system, nothing is so indispensable as 

plenty of sound sleep. It is necessary for growth and repair 





Fig. 252. The cells of the body are not always active; at intervals they are 


at rest. Above are shown a brain cell: A, at rest; B, in action; C, exhausted. 
(After Crile.) 


of the cells (Fig. 252). It will be observed the hours of sleep 
required for young people decrease with increase in age. In- 
fants sleep almost all the time; children of four or five, nearly 
half the time; those of ten or twelve, ten hours; most college 
students require eight hours and this amount is required by 
most adults. A nap of ten to fifteen minutes after lunch is 
very beneficial. It relaxes one greatly and should be indulged 
daily if possible. There should be a regular time for 


retiring for small children as well as a definite time for 
the nap. 
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The following tabulation of the number of hours of sleep 
required at the different ages is recommended: 








AGE Nicut Time Perrop eeeayaee es Torat Hours 
A- Ge ate Ole SOfen) MOP. Moto; 7eA a 1 hour 13 or 14 
6-Sie ae A, Hi OLe SPM. tOl7 AM: 1 hour 12 or 13 
S10 392 . wl 7:30 OFS 9 84e to:7 434. $ hour 114 or 12 
16-1341, Boies. | Si Or. B30 wae: 007A. 1 hour 11 or 114 
12-14... .| 8300f 9 pM. to7 am. : 10 or 104 
14160 $80 4 | 9 or’9,30 vite: to 7 acu. 93 or 10° 
16-18 . . . .| 9.300r10 p.m. to7 am. 9 or 94 
18/Or.OVerl ee LO or 11 P.M. tO 7 A.M. 8 or 9 





Insufficient sleep is a common cause of behavior disturbances 
— irritability, inattention, and failure to do effective work. 
Inability to sleep is insomnia. —Lack of outdoor exercise, 
drinking tea or coffee, overeating, or mental work just before 
retiring may prevent sleep. Worry over the events of the day, 
or worry over the fact that one is wakeful, may interfere with 
sleep. In going to sleep several devices are commonly used. 
Counting sheep jumping over a fence has many generations 
of custom behind it. Completely relaxing oneself, and 
especially relaxing the eyelids, is a very good method. One 
can assist in this relaxation by taking several deep breaths. 
The morning should bring a feeling of vigor. If we wake 
tired and discouraged, there is something amiss. It may be 
that there was overexertion the day before and that the sleep 
has not been long enough, or that we have been up too late 
or have eaten improper things. If the last is the case, there 
may be a bad taste in the mouth on awakening. By going to 
bed at the same hour every night, the habit is formed of drop- 
ping off promptly and soundly to sleep. A cheerful state of 
mind with resolute avoidance of worry promotes sound sleep 
at night. The sleeping room should be cool, and well ven- 
tilated; the window should be left open even in moderately 
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cold weather in the Northern states, and in very cold weather 
in the Gulf states. 

The effect of fatigue. — Waste products produced in one 
part of the body are carried by the circulating blood, before 
they can be removed, to all parts of the body. Fatigue in one 
part causes a loss of efficiency in other parts. It is well known 
that the boy who plays football for two hours in the afternoon 
is unable to study in a satisfactory way in the evening. Such 
fatigue is natural and healthful. After the period of rest, the 
body is recreated and the taking in of food by the body cells, 
called assimilation, results in the organization of the food into 
living tissue. It is known that mental activity does not greatly 
increase waste substances, but that does not mean that one 
cannot overwork mentally. The feeling of fatigue which comes 
from tired eye muscles and tired joints should indicate the 
need for a change of activity. This change will be satisfied 
best by physical exercise of the game or sport type. 

The effect of alcohol. — As alcohol acts on many organs 
through its act.on on the nervous system, it would naturally 
be supposed that the nervous matter itself would be injured, 
and such is the case (see Fig. 317). In fact, it is upon the 
delicate nervous system that its most destructive effects are 
wrought. One of the first effects of alcohol is flushing of 
the face and a feeling of warmth on the surface of the body. 
This is due to the quickened action of the heart and the dila- 
tion of the small blood vessels from the effects of alcohol 
on the nerve centers controlling these organs. The mind is at 
first more active, because the little vessels of the brain are 
dilated and blood is sent more freely to that part. A little 
later the alcohol begins to disturb the reflex and co-ordinating 
powers of the nervous system, and ordinary muscular move- 
ments are performed imperfectly and with difficulty. The 
nerve centers seem to be attacked and paralyzed progressively 
by alcohol, beginning with the highest and proceeding towards 
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Mg. / 100 cc. BLOOD 





HOURS 
Courtesy, Quarterly Journal of Studies on Alcohol 


Fig. 253 A. Curves indicating the rate of absorption of alcohol and its 
persistence in the blood and saliva following the taking of 1.0 gram of 
absolute alcohol per kilogram of body weight by a subject. Blood sugar 
and the effect of alcohol on co-ordination are also shown. 


the lowest. The will power and judgment first become para- 
lyzed, and only the emotional and impulsive instincts of 
human nature are left. As these are no longer under control 
of reason and judgment, the individual is likely to act in an 
irrational manner. In the last stages, consciousness and voli- 
tion are lost and only that part of the nervous system in the 
medulla which governs circulation and respiration remains 
active. In other words, the man is “dead drunk.” A large 
quantity of alcohol may produce death by paralyzing even 
these nerve centers, thus stopping all organic functions. This 
overaction and irregular action of the netves, when repeatedly 
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Courtesy, Quarterly Journal of Studies on Alcohol 


Fig. 253 B. A comparison of the blood alcohol concentration and per- 
formance of a subject following equal doses of alcohol administered in two 


forms. The solid lines represent Scotch whisky; the broken lines California 
port wine. 


occurring, has the effect finally of deforming or destroying the 
nerve tissue. 

It is well known that skill in a movement or act is devel- 
oped by a training of the nervous system. Alcohol lessens 
skill and precision in fine work. There is no work or play 
that man performs that cannot be performed better without 
alcohol. In tests of target shooting, the disadvantage of using 


alcohol have been clearly shown by experiment. No one 


who aims to achieve a place in the world and in the respect 


of friends can afford to make an indiscriminate use of alcohol. 
Its effect on the nervous system is especially disastrous. 
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Alcohol lessens the ability to engage in work where head, 
hand, eye, muscles, and nerves must work together for deft- 
ness and accuracy. 

It is common knowledge that a musician who is indulging 
in alcohol will make more mistakes in playing. The fine 
adjustments and co-ordinations are then no longer possible. 
Those who look forward to having power over and control of 
the body should guard against the danger of alcohol. 

Improper functioning of the nervous system. — Nearly 
everyone has known of someone who has gone insane. Such 
disease of the mind was little understood in the past, and 
insane persons were thought to possess evil spirits. Insanity 
is usually thought of as coming quickly, and the most fan- 
tastic causes are given for its occurrence. Now the important 
thing for us to remember is that insanity usually develops 
slowly and its causes are well known. Insanity is much more 
frequent than is generally supposed, and in the state of New 
York about one in every two hundred of the adult population 
is in an insane hospital. 

Drugs and insanity. — Opium, morphine, and cocaine cause 
a large proportion of the insane in every state. Alcoholic 
insanity may be caused by the regular use of alcohol even in 
moderate quantities which do not produce intoxication. The 
rdle of excessive use of alcohol in the production of insanity 
is well known and fully established. These poisons, alcohol, 
opium, morphine, and cocaine, once made up the principal 
parts of many patent medicines. 

Communicable diseases and insanity. — Mental disturbance of 
a serious nature may follow disease. The poison from typhoid 
fever, diphtheria, tuberculosis, and certain other diseases may 
so injure the nervous system that complete recovery does not 
occur. 

Habits of mind and insanity. — Habits of mind are impor- 
tant factors in producing mental disturbance. The state of 
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mind that is most favorable for the health of the nervous sys- 
tem is the one in which the individual is satisfied with life 
and is not nursing the misfortunes that happen to befall him. 
It is dangerous to brood and pout over slights, disappoint- 
ments, and injuries. Such unwholesome mental reactions, if 
persisted in, may tend towards insanity. Some people think 
that one’s disposition is fixed like the color of the eye, but it 
is not so. A cheerful, optimistic, friendly, and happy disposi- 
tion may be trained and achieved. 

Hard work alone rarely causes a breakdown of the nervous 
system, unless there is associated with it loss of sleep and 
worry. Henry Ward Beecher once said, “It is not hard work 
that kills men; it is worry.’’ Abraham Lincoln thought about 
these things. He said, ‘“‘Do not worry; eat three square meals 
a day; say your prayers; be courteous to your creditors; keep 
your digestion good; exercise; go slow and easy. Maybe 
there are other things that your special case requires to make 
you happy, but, my friend, these I reckon will give you a 
lift.”” We could well follow this advice of Lincoln’s. 

How one learns. — To use the nervous system properly 
and make it serve the individual best, requires observation 
of the rules of self-control and the direction of self. To use 
it best also demands understanding of the way it works in 
learning things. The learning process is dependent upon 
making connections of the neurones in the nervous system. 
One is born with certain connections established so that the 
movements and acts of the early years go on from the fact of 
the connections already made. These connections are called 
bonds. As one learns, one forms new bonds. 

It has been determined by numerous experiments that one 
learns new things more easily if the bonds to be formed are 
related to the bonds already in existence. It is easier to learn 
to run after learning to walk than it is to learn to swim after 
learning to catch a ball, because the bonds for running are 
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easily set up in relation to the ones for walking, that have been 
developed previously. 

Influence of satisfaction and annoyance. — We are born to like 
some things and to dislike others. This fact is quite contrary 
to considerations of whether we should like what we dislike 
or dislike what we like. Learning takes place in relation to 
satisfactions and annoyances. Learning is always an active 
process. So in the response that the person makes to the 
reading of a book, the solving of a problem, the throwing of 
a ball, learning tends to occur if the experience is followed by 
satisfaction. If, however, the experience has been annoying, 
then the bonds are not so readily formed and the whole force 
of the person is directed towards avoiding the experience again. 

The importance of this in choosing a life vocation is very 
great, and boys and girls should seek as vocations and avo- 
cations those experiences that give satisfaction. 

Influence of use and disuse. — It has been demonstrated also 
that one learns by using again and again the bonds that have 
once been formed. Thus skill in typewriting increases with 
use and decreases with non-use up to a certain point. If one 
wishes to gain in power to employ a mathematical formula, 
one must use that mathematical formula. Ability to make 
friends comes from using the bonds that arise out of the 
experience of making friends. One cannot hope to learn hon- 
esty by reading about it, but only by being absolutely honest 
in all situations. It seems to be demonstrated that one does 
not easily develop general qualities of mind such as thorough- 
ness, accuracy, and obedience by. any one specific act, but 
rather one forms an attitude towards these things. If one 
acquires an attitude that leads him to regard loyalty, gener- 
osity, or a similar quality with respect, such an attitude will 
carry over and affect every action. 


Boys and girls in school should not expect any one study 


to give the power to concentrate, to be accurate, or to be 
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honest. The proper attitude towards these qualities, however, 
with guidance and direction from teachers will mean attain- 
ment. Powers must be used if they are to be acquired; they 
must not be used if they are not wanted. 

Self-control and self-direction.— One may learn geo- 
graphical facts, mathematical equations, and historical move- 
ments. One may also learn more important things: control 
and direction of self. It may well be asked, ‘““Of what good 
is the knowledge of the world if the individual does not have 
the power to direct himself in relation to this knowledge?” 

Lack of self-control may be explained from two points of 
view. With reference to one, it should be remembered that 
the individual has many instincts and impulses that urge him 
to certain forms of activity. Many of the urges are whole- 
some. Some are not, however. How he feels about things 
may seem to be more important than what he knows of the 
facts about the same things. The boy or girl who is inter- 
ested in self-control and direction of life will consciously try 
to avoid all judgments and acts on the basis of mere feeling 
and instinct, and will determine conduct on the basis of in- 
telligent consideration of all the facts that can be acquired. 
One must make sure that one has all the essential facts and 
so avoid the tendency to select only the facts that support his 
prejudice. ' 

The other point of view directs one’s attention to the obser- 
vation that many people fail to realize their best possibilities 
because they are content to drift with the tide, doing this or 
doing that because others do so. Self-direction should mean 
that the boy or girl might say to himself or herself something 
like the following: “Here is my life to make of it what I can. 
I shall direct my life, because only through direction can I 
know where I am going. I shall not drift with the crowd but 
shall first settle for myself the question of the way the crowd 
Is going.” This does not mean holding aloof from others: 
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it does demand that truth, ideals, and purpose shall be sub- 
stituted for the customs, habits, or notions of the group if 
these things appear to one as unworthy, selfish, and unsocial. 

The need for the finest type of control. — Man has 
created a great industrial and mechanical power but has failed 
to establish a corresponding control over himself. He is still 
moved by superstitions, still harrowed by senseless fears, still 
spending time in useless hate of others and foolish attempts 
at appearing better than his neighbors through all sorts of 
vain display. Due to lack of self-direction, he learns at an 
early age to be dissatisfied with his lot of bread and cheese, 
if his neighbor has goose and artichokes, when for him the 
real business of living is not to appear as good as or better than 
his neighbor but to develop himself to the best that he can. 
Instead of wasting time and energy on false notions of equality, 
he must learn that there is no equality among men, that all are 
unlike. In fact, no government, no law, no bequest from 
parents can produce equality but rather equality must be 
demonstrated by fitness. Thus, boys and girls should come to 
rely not upon social position or wealth of parents, nor should 
they attach too much importance to poverty oF environment. 
On the contrary, by having an ideal of self-control and self- 
direction they will realize that the obligation comes to them 
to rely upon the things they learn, the experiences they have, 
and the standards they hold for the guides of life. 

Behavior by alibi. — The behavior of persons is the product 
of many factors: past experiences, education, ideals, physio- 
logical condition, environment, and other persons in the situ- 
ation. The explanation of any particular behavior may not 
always be clear, but the forms are well known. 

There is the alibi — the excuse for non-performance or fail- 
ure. It may rest upon the notion that one must always be 
right. It would be far better mental hygiene to recognize that 


all persons make mistakes, that the question of importance 1S 
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not was a wrong committed but rather was the mistake re- 
peated. ‘To err is human —” wrote Alexander Pope. But, of 
course, to make the same error repeatedly is stupid. 

Behavior by running away. — It is difficult to determine the 
forces that make some persons courageous and others cowards. 
Unpleasant experiences with resulting harsh criticism or severe 
punishment may be responsible. 

Escape from real life with its sorrows and joys, its bitter and 
sweet, is often the practice of those who have never learned 
the meaning of those words spoken by the headmaster at 
Harrow, a boy’s school in England: 


“Take the sweet and bitter 
As the sweet and bitter come, 
And always play the game.” 


Running away from assignments, duties, responsibilities 
when these are unpleasant are unhealthy responses and pro- 
duce personalities that are timid and cowardly rather than 
courageous. 

Escape may seem so essential to a person that headaches, 
indigestion, pains, and even signs of heart disease appear to 
provide the excuse for lack of performance. Any kind of 
education or experience that teaches youth to evade responsi- 
bility courts the danger of producing, not only an undesirable 
personality, but also functional disease. 

Behavior by fear. — Psychologists say that only two fears 
are inborn; all others are trained into us. Fear of falling and 
fear of loud, harsh noises are inborn; others are acquired. Do 
you fear the dark, crowds, dogs, speaking in public, water, 
and similar conditions? If you do, you can be sure that some- 
where along your life experiences, some unfortunate responses 
have been made. But you can also be sure that these traits 
you possess may not be fixed, like the color of your eyes, 
but can be changed. Fears can be Overcome, confidence in 
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living can be developed, and within limits you may be the 
kind of personality you desire to become. 

Behavior by defense. — The human individual is often most 
ingenious to conceal what is obviously a defect. Persons with 
ugly teeth often develop mannerisms of speech due to an effort 
to prevent exposing the teeth. The total defect now is worse 
than the original one. Some men who become bald grow the 
side hair very long on one side and comb it over the bald area, 
producing a most curious effect. The baldness is obvious and 
the total defect is worse than the original. Timid and shy 
persons often develop a gruff manner to cover up the trait 
that to them is so undesirable. These are defense mechanisms. 

Behavior by rationalization. — At times we are afraid to 
acknowledge our own motives. We are ashamed of them and 
wish to appear other than what they would represent us to 
be. Thus, we rationalize our conduct and give reasons for it 
that are not true. 

In all these forms of behavior, there is the unwillingness to 
face the facts. We all need to learn that life provides all sorts 
of experiences. Many of them are unpleasant. If we are eager 
for life, we will wish to find the facts in any situation and we 
will be willing to face them. This kind of behavior promotes 
health and happiness. 

The importance of attitudes. — What are your attitudes? 
Do you want to keep them or would you prefer to change them 
for others? An attitude is a state of readiness that exerts a 
directing influence upon an individual’s response to all objects 
and situations with which it is related. What is your attitude 
toward health? classmates? parents? your community? your 
nation? people of other races and religions? When you 
answer such questions you appreciate that attitudes are funda- 
mental conditions in a person’s life. 


For example, consider your attitude toward health. If you 


avoid those experiences that are wholesome and beneficial and 
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indulge in those that are harmful, whatever knowledge you 
have about health is worthless because your attitude controls 
practice. In mental hygiene, attitudes are even more strikingly 
important. Are you friendly or quarrelsome? fearful or cou- 
rageous? self-conscious and selfish or objective and devoted 
to causes and people outside of self? 

How to change attitudes. — Attitudes may be changed. 
It is a most interesting experiment for a person to see how 
excellent he can become. Young persons often believe it to 
be proper to try to excel in sports or in studies, but they fail 
to see also that it is highly proper to improve in friendliness, 
courage, thoughtfulness, courtesy, fairness, objectiveness, 
loyalty, and in many other personality traits. 

It is sometimes difficult to change an attitude, but it is 
possible to do so with sufficient effort. There are three factors 
to remember: (1) Practice, (2) directing emotions, and 
(3) maintaining fitness. 

Practice the new attitude. — Suppose you wish to develop the 
attitude of friendliness to others. Then you must practice 
being friendly. Thus, in shopping at the store You can begin 
to practice the attitude by asking for your purchase with a 
genuine smile. Greet your teacher, classmates, parents, and 
others with a smile and friendly words. The advantages will 
appear at once. 

Directing your emotions. — Courage is promoted by over- 
coming fear. Fear of failure in school, for example, is eradi- 
cated by developing two real emotional controls. One is 
knowledge and belief that success comes only with work well 
done. The other is the understanding that all persons fail 
sometimes, and that neither failure nor success is crucial; the 
vital thing is real, intelligent effort at the task. Instead of 
thinking of the end, we should pay attention to th 
which the end is secured. 

Maintaining a high level of fitness. — Y 


e means by 


ou will need your best 
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energy to overcome unwholesome attitudes. Avoid relying 
upon false stimulants to live through trying situations. Keep 
in the best of condition and all the finer controls more readily 
operate. Everyone knows that it is harder to be friendly when 
tired, courteous with a headache, or courageous when ill. If 
your attitudes are strong and well developed, they will operate 
even under such conditions. Certainly such conditions should 
never be an excuse for performance. It is the duty of all to be 
fit; it is your responsibility to be at your best. 


FACTS TO REVIEW 


. Why are the terms body and mind apt to be confusing? 

. How does anger cause indigestion? 

. Why is the power of habit a blessing? A danger? 

_ What is the effect of sleep on the organs of the body? 
Name some possible causes of insomnia. 

. How does fatigue affect the nervous system? 

_ What effect has alcohol upon the nervous system? How 1S 
skill affected? How is accuracy impaired? 

8. What is the relation of alcohol to insanity ? 

9. What are the influences of satisfaction and annoyance upon 
learning? What do you think of the old saying, ‘Practice makes 
perfect”? 

10. What are some learnings that may be made by one interested 
in self-control and self-direction ? 

11. What is meant by the term “behavior by alibi’? Without 
naming persons give an example of an alibi from school experience. 

12. When may avoiding a responsibility be justified? Is there 
danger that such justification may be mere rationalization ? 

13. What fear do you have that you would like to correct? 
Should you talk with your teacher, family physician, of ministet 


about this? Why? 


NNAWOR YN 


QUESTIONS TO THINK ABOUT 


1. Why is it best to change from very absorbing work to work 


of less interest a short time before retiring ? a 
2. How does travel often cure a sick person when all else fails: 
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3. Why should we never study immediately after eating ? 

4. Is it better for children to play or to take exercises? 

5. Is one more likely to sleep soundly who does his brain 
work in the forenoon and muscular work in the afternoon than if 
he reverses the order? 

6. Does perfectly comfortable clothing from head to foot con- 
tribute to one’s ease in company? 

7. Is it as important to have the shoes and the clothing per- 
fectly comfortable when going out as when staying at home? Why? 

8. Would you get more rest by sleeping for four hours undis- 
turbed, or by sleeping eight hours but being awakened every half 
hour by some noise, and going immediately to sleep again? 

9. When one sits with the leg under the body, why is it that the 
compression causes a tingling sensation or paralyzed feeling in 
the foot? 

10. Does the girl who frets over washing the dishes work with 
more or less fatigue than if she did the work cheerfully? Does the 
boy who wishes for baseball and who pouts while he does his 
chores tire soon of his work? Why? 

11. How is a sneeze a protective act? 

12. Why may one digest a large Thanksgiving or Christmas 
dinner when he often has trouble with an ordinary dinner? 

13. Why is it more difficult for an adult to learn to speak a 
language than for a child? Why may adults then find drawing and 
languages more difficult to acquire than history and mathematics? 

14. In what two ways may opening a window when a student 
is becoming drowsy enable him to wake up and study with ease? 

15. Muscles may be classed as minor, such as those of the eye, 
voice, hand; and major, such as those of upper arm, leg, trunk. 
_ Why is the use of the minor muscles exhausting to the nerves 
while the use of the major muscles strengthens the nerves? 

16. Why do you throw cold water upon a fainting person? 

17. Why may cold feet cause sleeplessness? 

18. Why does constant moderate drinking undermine the health 
more than occasional intoxication ? 

19. The vasomotor nerves control the size of the blood vessels. 
Which nerve centers control these nerves? Why does a draft 
blowing on the back of the neck often cause a cold? 


20. How can one develop the qualities of loyalty, honesty, and 
generosity ? 
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INTERESTING THINGS TC DO 


Rees get RG ; 
bi acon Time. The nervous system is arranged to protect 

ne body from injurious conditions affecting it through its environ- 
ment. This protection is shown when the eyes are closed to shut 





Fig. 254. The inductorium is used to measure the reaction time of a re- 
sponse to a stimulus. (The set screw holding the trunnion block tube 
against the side rod is not shown. ) 





Fig. 255. The electrodes are attached to the inductorium. 


out the light that is too bright, when the hand is thrown in front 
of the face to ward off a thrown missile, and when the hand is with- 
drawn on coming in contact with a hot stove. These are a few of 
the many instances of the protective reactions of the nervous sys- 
tem. Now the quickness of this reaction varies in different people, 
and the length of the time from the moment the outside stimulus 
«5 received and the body reacts is shorter or longer depending on 
the activity of the nervous system. This time is called the reaction 


time and is capable of measurement. 
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1. Experiment.— To study the reaction time of the nervous 


system. . 
Pca — Inductorium, signal magnet, copper wires, electric 


batteries, kymograph, and keys (Figs. 254, 255, 256, 257). 





Fig. 256. This diagram of a simple key is about three-eighths the actual 
size. 





Fig. 257. The signal magnet. 


Method and observation. — Arrange a signal in the primary circuit 
of the induction apparatus with the two keys. Place the kymograph 
with smoked paper in contact with the recording point of the signal 
magnet. Let the subject hold the electrodes of the inductorium 
on the tip of the tongue with one hand and with the other hold 
down the one key. The experimenter will then spin the drum and 
close the other key. This closing of the key will make the circuit and 
hence will produce an electric shock. When the subject feels the 
shock on the tongue, he breaks the circuit by opening his key. 
This closing and opening of the circuit produces a movement of 
the signal which is recorded on the kymograph, and so 
gtaphic record of the time the stimulus was received 


moment the response was given. 
time, 


there is a 


and the 
This interval js the reaction 


. 
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CHAPTER XVIII 


SENSATION AND THE SPECIAL SENSES 


Classification of the senses 

The sense of taste 

The sense of smell 

The sense of sight 
The external parts of the eye 
The interior structure of the eye 
The act of accommodation 
Regulation by the iris of the amount of light admitted 
Defects of vision 
Care of the eyes 

The sense of hearing 
Structure and function of the ear 
Care of the ear 

The sens? of equilibrium 

General sensations 
Appetite 
Hunger 
Thirst 
Touch 
Temperature 
Pain 


Classification of the senses. — In animal life the develop- 
ment of the nervous system has produced certain groups of 
nerve cells for the purpose of carrying on particular tasks. 
The eye is a nerve structure which has undergone a remark- 
able development so that man may be more familiar with his 
environment. The endings of a nerve in the tongue make 
possible the distinction between sweet and sour, palatable and 
distasteful food. Sensory nerves in the skin 


ing the objects in the world around us. 
415 


inform us regard- 
The touch sensation 
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is compound. It conveys qualities of pressure, warmth, cold, 
and pain. The temperature sensation is always projected exter- 
nally to objects; the pain sense goes inward and is felt as a 
sensation within the body. The sensory (afferent) nerves in 
the skin have special endings and each nerve has special work 
to do. There are cold and warm, pressure and pain nerves 
and, when stimulated, each carries its own kind of sensation. 
Pressure nerve endings transmit a sense of pressure; cold 
endings carry a sensation of cold. Sensory nerves also have 
endings in the muscles and these nerves on contraction of 
the muscle tell the brain how intense the contraction is and 
where the part has moved. Some of these fibers end in the 
cerebellum and this sense at work helps to maintain the bal- 
ance of the body. It is called our muscle sense. In addition, 
there are certain common sensations, such as appetite, hunger, 
and thirst. We feel them as existing within the body. 


Taste 

Smell 

. Sight 
Hearing 
Equilibrium 


Special 
Senses 
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The sense of taste. — It was mentioned that the tip of the 
tongue has a very keen sense of touch. The tongue is a very 
muscular organ, and when we are eating, it helps to keep the 
food between the teeth; it also does the chief part of the work 
in the beginning of the process of swallowing. But perhaps 


{ ion nerves 
its most important function is to afford a home for the 
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of taste. These nerves consist of a branch of the fifth pair of 
nerves, which are distributed over the front part of the tongue, 
and the ninth pair, which go to the back part of the tongue 
(Fig. 237). Although we often speak of food as being pala- 
table, the sense of taste in the palate is very feebly developed. 

The sense of taste records only four variations, sweet, sour, 
salt, and bitter. All the different flavors affect us through the 
sense of smell. If the nose is held and the eyes kept closed, 
a drop of coffee is indistinguishable from a weak solution of 
quinine. Both are slightly bitter. The way to make these tests 
is to obtain the articles and have them given to you for tasting 
without knowing which you are getting; then find whether or 
not you can tell the difference. 

Substances, in order to be tasted, must first be dissolved 
on the tongue. The tip of the tongue is most sensitive to 
sweets and salines, the back part to bitters, and the sides to 
acids. 

The sense of smell. — In quiet breathing most of the air 
passes along the lower parts of the nasal passages, just above 
the hard palate. Fibers of the olfactory nerve end mostly in 
the higher part of the nasal passages. When we wish to test 
an odor, we sniff; that is, we take a sudden inspiration by 
jerking the diaphragm down. A volume of air larger than 
usual rushes in, and more of it passes over the parts of the 
walls in which the olfactory fibers are located. It is necessary 
that the substance producing the odor be in a very finely 
divided condition, probably gaseous. 

Smell has its source in the beginnings of the respiratory 
passages, Just as taste is at the gateway of the alimentary 
canal; and just as taste, by its influence on the salivary and 
gastric glands, greatly influences digestion, so the sense of 
smell greatly influences the respiratory acts. The breathing 
of a pleasant odor increases the depth of the breathing. Pleas- 
ant odors, as of flowers and of fresh country air and of the 
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forest, contribute to our health and well-being. Why do foods 
lose flavor when one has a very bad cold in the nose? 

The sense of smell is related closely to the characteristic 
appearance of the object. This fact is demonstrated by plac- 
ing different ground spices in small bottles disguised in color 
and attempting to 
distinguish the dif- 





Oblique 






ferent ones by smell- 
ing them. It is very 


Superfor tN 

Rectus : $ 
ae difficult to do. This 
Nerv 7 is a good game for 


a party of friends. 

The sense of 
sight. The eye 
brings to the brain 
from the external 
world pictures of form, color, and movement. Without the 
eye, color and movement could not be ascertained and 
form would be only partially sensed. How would form 
be known in part? This marvelous structure, the eye, is set 
into a hollow, formed by the bones of the skull. The camera 
in structure and function is similar to the eye. Familiarize 
yourself with the parts of a camera and identify these with 
parts in the eye. 

The external parts of the eye. — The eye is a globular organ, 
set in a bony socket. It is controlled in its movements by 
muscles, protected from dust and dirt by the lids and lashes, 
and on its exposed surface, the conjunctiva, it is moistened by 
a secretion from the /achrymal gland. These structures form 
the external parts of the eye and will be described before the 
‘aternal structure of the eye proper will be given. 

The oculo-motor muscles (Fig. 258). — The eyeball is ca- 
pable of being turned in all directions by means of six slender 
begin in the back part of the orbit. Four of 





Fig. 258. A represents the muscles of the 
right eyeball viewed from above; B, the muscles 
of the left eyeball viewed from the outer side. 


muscles which 
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them are straight. The one above turns the eye upward, the 
one below turns it downward, the one towards the nose turns 
it inward, and the one towards the temple turns it outward. 
The other two are oblique. The superior oblique muscle 
passes forward through a loop which serves as a pulley near 
the inner upper front part of the orbit (Fig. 258). It Totates 
the eye in one direction, and its antagonist, the inferior 
oblique muscle, rotates it in the opposite direction. ‘‘Cross- 
eyes” are caused by too great contraction of the internal 
straight muscles, and ‘‘wall-eyes”’ are caused by too great con- 
traction of the external straight muscles. The defects may be 
remedied by a skillful surgeon, who cuts the proper muscle 
with a suitable instrument, and permits it in healing to become 
attached to another point farther back. 

Watch someone in front of the class trying to move his eyes 
gradually and uniformly across the field of vision. Do the 
eyes move by jumps or steadily? 

We speak of eyes ‘‘full of expression.’’ Yet it is the mo- 
tions of the lids and eyeball that give expression to the eye. 
The eyeball has hardly more expression than a glass eye. 

We judge the distance of objects by the lines of conver- 
gence of the two eyes. This convergence is accomplished by 
the harmonious action of the eye muscles. A boy with one 
eye has difficulty in knowing when a ball thrown will reach 
his hand. When we look at a solid object, each eye sees a 
little more of the object on its side than does the other. Thus 
two eyes make it easier to distinguish bodies. By taking two 
photographs of a solid scene from slightly different points 
and arranging them so that the eyes look at the pictures sepa- 
rately but at the same time, the idea of solidity is given. The 
stereoscope (Fig. 259) secures this arrangement. 

The lids. — The upper and lower lids protect the eye. They 
are supplied with muscles and can be moved very quickly. 
The upper lid has greater movement. From the edges of the 
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lids grow hairs, called lashes, which protect the eye from dust 
and are very sensitive to all pressure. The under surface of 
the lids is covered by conjunctiva 
in which are located glands which 
produce an oily secretion. This se- 
cretion prevents the rapid drying of 
the watery secretion that comes from 
the lachrymal gland. 
The lachrymal gland. — The lach- 
rymal gland is sometimes called the 
a CB tear gland. It is located above the 
Fig. 259. This diagram of eyeball, between the ball and the 
a stereoscope indicates how }.5. arch on the side towards the 


two photographs, A and B, 
are seen combined at C. temple. It is flattened and oval in 


The rays of light from A 
and B are refracted by the Shape, about three quarters of an 
prisms into the eyes so that inch in length. About ten small 
they appear to come from C. 7 
ducts lead from it and open on the 

under side of the upper lid. The secretion that it furnishes 
to the conjunctiva is formed continually. The tears pass across 
the eye and flow into two small ducts, the openings into which 
can be seen on the borders of each eyelid near the inner angle 
of the eye. They open into a canal which leads into the nasal 
passage (Fig. 260). Why is it necessary to blow the nose fre- 
quently when one weeps? At the ordinary rate of supply, the 
tears do not overflow, as there is a waxy secretion along the 
edge of the eyelid that turns them towards the ducts. When 
have you noticed a waxy secretion in the corner of the eye? 

The conjunctiva. — The eye is apparently set in a slit in 
the skin of the face, but this is not really the case. The skin 
of the eyelids turns inward over their edges and becomes 4 
thin, transparent, and exceedingly sensitive mucous mem- 
brane, called the conjunctiva. It is, like other mucous mem- 
branes, composed of epithelial cells. The conjunctiva goes 
back under the lid and over the visible portion of the eyeball 
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itself to the other lid, so that the eye is really behind the skin. 
When the eye is directed very much to one side, the conjunc: 
tiva is sometimes seen lying in wrinkles. The veins which 
we think we see in the white wall of the eyeball when the eye 
is ‘‘blood-shot”’ are usually 
in the conjunctiva, which 1s 
so transparent that we do 
not easily see it unless its 
vessels are swollen. Tra- 








Duct \. erage" 
choma, sometimes known as SS. 
“sore eyes,” is a disease of ee 

iva. is infec- ’ 
the conjunctiva. This infe ee se yi tna 


tionof theconjunctiva,which eye, with the eyelids partially dis- 
is not infrequent among sected to show lachrymal gland and 


lachrymal duct to nose. 
school children, is very seri- 
ous and affects the sight if not properly cared for. It is trans- 
mitted from child to child by use of the common roller towel, 
by borrowed handkerchiefs and other personal property that 
comes in comact with the face of the child. Always use your 
own individual towel and never lend or borrow a handkerchief. 

There are other minor inflammations of the eyes caused by 
eyestrain or rubbing the eyes with dirty hands. If the eye is 
inflamed, an eye doctor should always be consulted at once. 
Keep your hands away from your eyes and have your sight 
tested at least once a year. 

The interior structure of the eye. — The eyeball (Fig. 261) is a 
globular chamber filled with transparent fluids. This chamber 
is divided into two compartments (Fig. 261) by a semi-solid 
crystalline substance called the /ens, and a muscular diaphragm 
(Fig. 262), the iris. The wall of the eye is made of three layers 
of tissue, called coats of the eye. 

Coats of the eyeball. — The sclerotic coat is the tough white 
outer coat of connective tissue. It preserves the shape of the 


eye and serves for the attachment of the muscles. This coat 
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is pierced in only one place, and that is for the entrance of 
the optic nerve. It is continuous over the front of the eye 
where it becomes transparent, and is called the cornea. <a 
can see the cornea bulging out in the front of a classmate’s 







Vitreous Body 


Optic Nerve 


Fig. 261. This diagram shows the anatomy of the eye. 


eye if you look at it from the side. The middle coat, the coat 
just within the sclerotic, is the choroid. It consists of pigment 
cells and blood vessels. The choroid coat does not cover the 
whole ball completely. It is not over the cornea, but at the 
beginning of the cornea the choroid turns towards the center 
of the eye and forms the iris. The iris has an opening called 
the pupil, and this opening because of small muscles can 
change in size. The iris changes the opening of the pupil to 
allow just sufficient light to properly stimulate the optic nerves. 
When the light is dim, the pupil is opened wider and in bright 
light it is contracted to a small opening. The point where 
the choroid leaves the sclerotic coat to form the iris marks the 
attachment of the lens to the choroid. The lens divides the 
cavity of the eye into two compartments. In the anterior cavity 
is the aqueous humor; in the posterior is the vitreous humor. 
The iris further divides the anterior cavity into anterior and 


posterior chambers. 
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The retina, which lines the posterior cavity, is the third or 
innermost layer of the wall. It is composed of the end ee 
ments of the optic nerve, which number a hundred thousan 
or more. The ray of light on coming into the eye stimulates 





Fig. 262. The eye accommodates itself to various distances. The lens is 
flattened to view distant objects and thickened to view near ones. 


these sensory endings of the optic nerve. To receive this 
stimulus of the light ray is the function of the retina, and to 
transmit it to the brain is the function of the optic nerves 
(Fig. 265). 

The aqueous humor. — The aqueous humor is a transparent 
liquid. It gives firmness to the front part of the eye and allows 
rays of light to pass through without deflection. 

The vitreous humor. — The posterior compartment is the 
larger and main part of the cavity. The vitreous humor that 
fills this space is a perfectly clear liquid. 

The crystalline lens. — The lens (Fig. 261) is a clear, trans- 
parent structure, jelly-like in consistency. As it is suspended 
by ligaments from the choroid at the place where the iris be- 
gins, the ligament is called the swspenso ry ligament. 

Take a lens that is rounded outward (convex) on both 
sides, such as a hand magnifier, or even a strong lens from an 
old person’s spectacles. Hold this up on the side of a room 
Opposite to a window and catch the image of the window on 
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a white cardboard held back of the lens. This illustrates how 
the image of an external object is formed by the crystalline 
lens upon the retina. If someone stands up in the window, 
does he appear in the upper or lower part of the image? If 
he moves to the right, in what direction does his image move? 
The reversals are explained by the crossing of the rays of light 
as they pass through the lens. If two lenses of different thick- 
ness be used, it will be found that the cardboard must be 
moved close to catch the image from the thicker lens. The 


a eo 





Fig. 263. Follow instructions in the second paragraph below to demon- 
strate the existence of a blind spot in the human eye. 


lens serves to refract the rays of light and focus them to pro- 
duce a clear image. 

The yellow spot. — The yellow spot is a minute area of the 
retina that is in direct line from the pupil. The nerve endings 
in this area are of such a character that vision is clearest at 
this point (Fig. 261). 

The blind spot. —Light falling on the optic nerve itself 
does not give the sensation of light, but gives it only when 
falling upon the ends of the nerve fibers. Where the optic 
nerve enters the eyeball, there are none of these endings, and 
the light that falls there does not enable us to see anything. 
In the above diagram (Fig. 263) shut the left eye, and fix the 
cross with the right eye. Be careful not to let the eye waver. 
Move the book towards and away from the eye. Can you see 
the dot all the time? In the human eye the optic nerve enters 
not in the center, but at a point towards the other eye. The 


optic nerve along its course is not sensible to light and when 


SENSATION AND THE SPECIAL SENSES 


425 


the rays of light from the dot fall upon the nerve it is not seen. 
For this reason, the nerve at this place is called the blind spot. 

If the optic nerve is cut, it gives the Sensation of a flash- 
light. This shows that the nerve, when stimulated, responds 


by transmitting the kind of 
impulse that is associated with 
its function. 

The act of accommodation. — 
Hold a pencil or finger in line 
with some object, as a picture 
on the wall. When looking at 
the finger, the picture is blurred 
and vice versa. When looking 
up from a book that we are 
reading, to a distant object, we 
do not. realize that any change 
in the eye is necessary; but 
the lens changes in shape, be- 
coming more flattened for the 
more distant object, and be- 
coming thicker again when a 
near object is looked at, thus 
always bringing the rays to a 
focus upon the retina at what- 
ever distance the object may be 
(Fig. 262). But the power fails 
at a point called the near point, 





Fig. 264. In the normal eye par- 
allel rays of light (A, A) focus the 
image on the retina at B. 

In the myopic, or nearsighted, 
eye parallel rays of light (A, A) 
focus the image in front of the retina 
at C, producing a blurred image on 
the retina at B, the ray diverging 
from C. 

In the hypermetropic, or far- 
sighted, eye parallel rays of light 
(A, A) are focused behind the retina 
at D, producing a blurred image at 
B. 


about four inches from the eye for most persons, and the 
image becomes indistinct. The change in shape of the lens 
is called accommodation; it is brought about by means of the 
muscular fibers around the lens. Straining of the muscles is 
required for looking at very near objects. 

Regulation by the iris of the amount of light admitted. — Look 
towards a bright window or the sky and note by means of a 
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hand mirror the size of the pupil. Turn at right angles to the 
light, still looking in the mirror, and note the size of the pupils. 
What have you noticed about the eyes of a cat at night or in 
a darkened room? How do your own eyes feel when going 
S from the dark into a lighted room? 
Can you see as well when you first 
go from a brightly lighted room into 
a dimly lighted one, as after being 
in the dim light for a short time? 
The iris contains circular muscle 
fibers, which reduce the size of the 
pupil, and radiating fibers, which en- 
large the pupil. The arrangement 
of pigment sometimes follows the 
line of the fibers. 
noticed lines in the iris? 
Did you ever whirl a stick with 


Have you ever 





eT) 


- Fig. 265. The course of the 


retinal nerve fibers is indi- 
cated above. Light from A 
strikes the outer part of the 
right retina and the inner part 
of the left retina. The fibers 
from these parts go to the 
right half of the brain, B. 
N represents the nose. The 
two spots marked A on the 
retinze are normally stimu- 
lated together. 


a glowing coal on itsend? What was 
noticed? Can you notice anything 
similar if you shake the hand up 
and down quickly before the face? 
If you gaze for a moment at a bright 
light, then quickly close the eyes, 
what is noticed after the eyes are 
closed? These effects, called after- 


images, ate produced by the action of light upon the pigment 
of the retina, an effect which persists for a fraction of a second 


after the light is removed. 

Defects of vision (Figs. 264, 266). — In nearsighted eyes the 
eye is too long from front to back, and the rays come to a 
focus before reaching the retina. Among savage nations, 
where no books are used, almost everyone has good sight, 
ss is hardly known. Nearsightedness may 


and nearsightedne : 
hildren at school. Some chil- 


be inherited or may begin with c 
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dren seem to have a natural wish to get their eyes close to the 
book or writing. This is very undesirable for nearsighted 
persons. The head should be held erect in reading, to prevent 
blood congesting in the eyes, and to prevent round shoulders 
and flat chest. The proper distance for reading is fourteen to 





Photo by Brown Brothers 


Fig. 267. The picture at the left indicates improper lighting; the picture at 
the right, a proper arrangement of light. 


eighteen inches. The farsightedness that occurs in youth is 
caused by the eyeball being too flat. In the farsightedness of 
old age the lens has also lost its elasticity, so that its shape 
cannot be sufficiently changed to bring the lights from near 
objects to a focus on the retina. In farsightedness, convex 
glasses are used, and in nearsightedness, concave glasses are 
used. Astigmatism is a defect caused by unequal curvature of 
the cornea in different directions. 

Care of the eyes. — Sight is priceless. (When reading is men- 
tioned, it includes such work as writing ot sewing. ) 

1. It is important to have proper light. The light should be 
steady, not flickering; we should not read after sunset by the 
fading twilight; we should not read with the sunlight falling 
on the book; we should not read facing a window or with a 
light directly in front, unless the eyes are protected by shade. 
Light should not face on a book in such manner as to be 
reflected into the eyes. It is better to have it come from the 
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side or over the shoulder (Fig. 267). The best artificial light 
is that given in the indirect or semi-indirect method of allumt- 
nation, either by gas or electricity (Fig. 268). In such lighting 
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PLAN OFA TYPICAL H/GH SCHOOL CLASS ROOM 
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Fig. 268. This plan of a high-school classroom shows how light from 
the windows should fall over the left shoulders of the students. The 
electric lights should have no glare. 


there is no glare. Is there glare on the blackboard in your 
room? This means that the windows are not placed properly. 
Light curtains diffuse the light evenly, but dark curtains cause 
lights and shadows. 


2. The state of the eyes is of importance. — We should not read 
when tired or sleepy; when convalescing from an illness: with 
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the head bent down; when the eyes are sore; when they are 
tired, unless we rest them every few minutes by looking at 
far objects; when riding in jolting cars and carriages; when the 
circulation is impeded by tight clothing around the neck. 

“Tobacco blindness” sometimes results from smoking. The 
first symptom is color blindness, which is followed by haziness 
of vision, and finally, by partial or complete loss of sight. 

3. The character of the object of vision 1s of importance. — The 
type from which books are printed should be large. The 
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Fig. 269. The auditory apparatus has three main divisions. 


paper should not be pure white or glazed, but a neutral tint, 
it should be opaque, so that the printing will not show through 
from the reverse page; the lines should not be more than four 
and a half inches long. Publishers of magazines are the worst 
offenders against hygienic printing when they use shiny glazed 
paper to bring out the beauty of fine engravings and halftones. 

The sense of hearing. — The ear brings to the auditory 
area of the brain sensations derived from sound. These sensa- 
tions are received by the ear and are transmitted by the 
auditory nerve. 

Structure and function of the ear. — The ear may be described 
in three parts, the outer, middle, and inner ear (Fig. 269). 
The outer ear consists of the cartilaginous concha, the part that 


is usually spoken of as the “ear,” and the meatus, the canal 
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leading into the head from the lower part of the concha. 
Which part of the concha is not cartilaginous but fatty tissue? 
Part of the wall of the meatus is of cartilage, but the deeper 
part has a wall of bone. The entrance of the meatus is guarded 
by hairs, and its wall is covered with a bitter wax secreted by 
glands in the lining. Its inner end is closed by the tympanic 
membrane, which is sometimes called the drum, but it is only 
a drum skin. Three little bones stretch across the true drum, 
which is the middle ear, to a small film separating the middle 
ear from the internal ear. These three little bones are called 
the hammer, anvil, and stirrup. The middle ear communicates 
with the pharynx by a narrow tube called the Eustachian tube. 
This tube is for the purpose of admitting air to the middle ear, 
so as to equalize the air pressure on each side of the membrane 
and prevent straining it. Sometimes blowing the nose may 
press the air up into the middle ear and press the walls of the 
Eustachian tube together and close it. This causes slight deaf- 
ness for the time. The pressure may be relieved, however, by 
holding the nose closed and swallowing, thus opening the 
passage to the middle ear. One end of the hammer is attached 
to the inner surface of the drum skin; the other end is attached 
to the anvil; and one prong of the anvil is attached to the 
stirrup, which in turn is fastened at its base to the small film 
attached across the round hole in the bone, Opening into the 
inner ear, or Jabyrinth. The inner ear consists of several 
Cavities containing a liquid in which rest the endings of the 
auditory nerve. The nerve endings are elaborated into an 
organ, the cochlea, for receiving sound waves and three sem. 
circular canals which are concerned in equilibrium. 

Sound waves, entering by the meatus, vibrate the drum 
skin; the vibrations are conveyed by the chain of bones 
(Fig. 270) across the middle ear to the liquid of the inner 
ear. The wave travels through air in the outer ear, through 
solids in the middle ear, and through liquids in the inner ear. 
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The vibrations of the liquid in the cochlea start nerve impulses 
in the fibers of the auditory nerve, and when these impulses 
are received and interpreted in the brain, the conversion of the 
external sound wave into the sensation of sound is complete. 

Care of the ear.— The meatus is self-cleansing; the wax 
changes into dry scales, which fall out. The external ear 
should be washed, but when we reach the passage, we should 
Incus go no deeper than we 
can easily reach with 
the tip of the finger 
covered with a damp 
cloth; especially the 
finger should not be 
forced into the tender 
ears of children. A 


Fig. 270. The bones of the right ear are the blow with the flat 
malleus, the incus, and the stapes. 






Moalleus 
(Hammer, 


hand upon the ear 
may force the air in and injure the tympanum. Picking the 
ear with hard or sharp objects is dangerous to the tym- 
panum. 

Sometimes the wax collects in a lump near the drum, caus- 
ing deafness. The remedy is to syringe the meatus with warm 
water until the sump is softened and comes away. The bitter 
wax is a protection against insects. Quinine often interferes 
for a time with the hearing. Chronic throat cold reaching the 
ear through the Eustachian tube may injure the hearing. 

The sense of equilibrium. — It is now known that the 
semi-circular canals (Fig. 271) of the inner ear are concerned 
in equilibrium. The weight of the liquid they contain press- 
ing upon the nerve fibers located in them and exerting a vary- 
ing pressure according to the position of the body, gives us 
the “equilibrium sense,” which enables us to know the post- 
tion of the body at all times. Sight and the muscular sense 
also contribute to maintain the equilibrium. 
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General sensations of the body. — We have, besides the 
special senses, the general sensations of appetite, hunger, 
thirst, touch, temperature, and pain. 

Appetite is associated with the senses of taste and smell, 
with the appearance of food, and with a condition within the 
body in which emotions and need for food are uppermost. 
Appetite arises in excitation of the senses of smell and taste. 
When these senses are dulled, as in a head cold, appetite is 
lacking. 

Hunger. — The sensation of hunger is due to the contrac- 
tions of the empty stomach and may be appeased by taking 
only a small amount 
of food. It has been 
stated in the past  Cenars 


Coch/lea 


that hunger is due 
to a general need of 


the body for food, Nerve 
; Fig. 271. In the inner ear, or labyrinth, the 
but the sensation cochlea is an organ for receiving sound and the 
passes away loa g be- three semi-circular canals are concerned with 
equilibrium. 





fore there is time for 
digestion and absorption to occur. Contraction of the empty 
stomach produces the sensation of hunger. The contracted 
state is an expression of its readiness to receive food and care 
should be taken, therefore, not to have habits that produce a 
relaxed stomach. 

Thirst. — The sensation of thirst is felt in the pharynx and 
the nerves in this region have the power of giving this sensa- 
tion. It has been learned that the cells of the body are made 
of protoplasm and that this protoplasm is liquid. We also 
remember that the cells are bathed in lymph. The fluid con- 
tent of the body in health remains nearly constant. When we 
Sweat, water is lost and we replenish that removed by drink- 
ing more water. When the water content falls below a certain 
point, the nerves in the mucous membrane of the pharynx 
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are stimulated by the blood, which has lost the water. This 
gives us the sensation of thirst. 

Touch. —The four special senses of sight, sound, smell, 
and taste are located in special organs. Touch is located in 
all parts of the body. When an object touches the skin, an 

1 impulse is taken to the brain. 
There it gives rise to a sensation 
of touch (Fig. 272), composed 
of temperature (warmth or 
cold), pain, or pressure. Three 
kinds of sensations are thus 





Fig. 272. This diagram shows 
papillze of the true skin, the epi- 
dermis having been removed. Most of touch. Strictly speaking, 
papilla contain touch corpuscles. 


included in the general name 


touch gives only such ideas as 
those of size, shape, location, smoothness, hardness, and 
dampness. The ends of the fingers can distinguish two points 
as separate points if they are only one twelfth of an inch apart, 
while if the two points are applied to the back, they feel as if 
they were one point until they are separated two inches. 

The sense of pressure is a part of the touch complex. The 
pressure points in the skin are more numerous than the tem- 
perature points and in the parts of the body supplied by hairs 
these pressure points lie over the hair follicles. This fact 
explains the delicate mechanism provided in animals which 
can feel their way in the dark by the long hairs of the face. 
What animals show such provision? It has been found that 
after anesthetization of an area of the skin, there remains a 
deep or subcutaneous sensibility to pressure and movement. 
The nerves that enable us to distinguish lighter pressures are 
associated with the recognition of temperatures. 

When an object is lifted, it is felt to be heavier if its weight 
is increased by only one seventeenth, but when it is laid upon 
the skin, its weight must be increased by one third before it 
feels heavier. Hence it is concluded that sensations of weight 
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and resistance to the muscles depend upon the amount of 
muscular effort needed to overcome the resistance as well as 
upon the feelings of pressure upon the skin. Close your eyes 
and place the index finger of your right hand on your left eye. 
Are you able to do this? Sensations coming from the muscles 
of your arm, from the tissues of Le 
the joints of the arm, go to the 
brain and tell how to direct the 
hand. This power is called the 
muscle sense and is an aspect 
of the sense of touch. It is of 
great service in maintaining the 
balance in walking and in mak- 
ing co-ordinations. 
Temperature. — Temperature 
may give warmth or cold sen- 
sations. This part of the sense 
of touch is located only in cer- 
tain points or spots, called heat ae 
spots and co/d spots, situated a _—‘Fig. 273. The sense of touch 
small fraction of an inch apart sensitive to temperature is located 


only in certain spots. Above are 


Fio273))) Some Senora oe indicated cutaneous “cold” spots 
( & ) Pp er Cight shading) and “hot” spots 
a sensation of heat only, and (dark shading) of the anterior 


some of cold only. The sense ‘urface of the thigh. 

is so delicate that a difference of a fifth of a degree of tempera- 
ture between two objects can be detected. Extremely hot and 
cold objects injure the cells and do not give sensations of 
temperature but only of pain. 

Pain. — A sensation greatly increased or often repeated 
becomes unpleasant and is called pain. The same physical 
influence may be felt at one time as a pleasant touch, and 
at another time as a pain, depending upon the state of the 
Nerve tissue. When an influence js becoming strong enough 
to endanger the body, the single sensation of touch becomes 
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changed into one of pain and warns us to avoid the danger. 
When a nerve is laid bare and touched, or cut midway in its 
course, the feeling is not one of touch, but of pain. Pain is 
a protection, and therefore more of a good than an evil. In 
many diseases it is a prominent symptom, and the physician 
is begged to give relief. But the wise physician hesitates 
before giving morphine or other sedatives, knowing that to 
drown the pain is to conceal the danger, and take away his 
best evidence as to the state of this disease. At the same 
time, he runs a risk of starting a habit in the patient of dead- 
ening pain and hiding unpleasant feelings by taking narcotics, 
a habit that may become fastened upon the patient and ruin 
his life. Hence, when we are sick, we should bear pain 
bravely. 

Usually pain arising from the skin is located definitely by 
the nervous system and the place is easily recognized. Pain 
arising from an internal organ is located very inaccurately. 
For example, the pain from a severe toothache may be felt 
quite generally over the side of the face. Often the pain from 
an internal organ is felt in a definite skin area, and so cutane- 
ous pain in certain places refers to trouble in certain internal 
organs. For example, pains arising from the stomach are 
located in the skin at the tip of the sternum; pains from the 
heart in the region of the scapula. 


FACTS TO REVIEW 


1. What cranial nerves are related to certain special senses? 

2. What tastes do we possess? Do we confuse taste and smell? 
Explain. 

3. Why do foods lose flavor when one has a bad nose cold? 

4. Name the muscles that move the eyeball. Are there other 
muscles in the eye? Explain. 

5, What function is served by the lachrymal gland? — 

6. Explain the location and function of the conjunctiva. How 
may the conjunctiva be injured? What is trachoma ? 
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7. What are the three coats of the eye? What is the function 
of each coat? What function is served by the lens? Iris? 
8. What is aqueous humor? Vitreous humor? 
9, What is accommodation in the eye? 
10. Name the defects of vision. How may these be corrected? 
11. Name three important items in proper care of the eyes. 
12. Explain the structure of the ear. What are the functions of 
each part? 
13. What is the difference between appetite and hunger? 
14. What gives one a sensation of thirst? 
15. What three kinds of sensation are included in touch? 


QUESTIONS TO THINK ABOUT 


1. Is it possible to so mistreat the sense organs that they fail to 
keep us informed regarding the outside world? Name the senses 
that may be injured by improper use and tell how injury occurs. 

2. One can buy spectacles at department stores at very low 
prices. What harm can one do the eyes with such glasses? 

3. Can you notice any relationship between good illumination 
for reading and enjoyment of reading? Explain. 

4. Why shculd not one pick the canal of the ear with the finger, 
pencil, hair pin, or similar object? 

5. Why should one be careful in blowing the nose? Is this of 
more or less importance when there is a “‘cold’”’ in the nose? 


6. Should one with a ‘‘cold”’ go in swimming? Should one dive? 
Explain your answers. 


INTERESTING THINGS TO DO 


1. Experiment — To study the sense of sight. 

Material. — Snellen Test Chart and figure for testing astig- 
matism (Fig. 274). 

Method and observation. — Place the Snellen chart twenty feet 
from the observer; at that distance light comes into the eyes in 
parallel rays. Place it at the level of the eyes and in good light. 

_ Hold a book in front of one eye and have the observer read the 
line marked twenty feet. If he can read the letters correctly, the 
vision in that eye is normal. If he can read only the “ 40 " feet 
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line, the vision is one half. Use the regular Snellen chart if it is 
available. 

Test the other eye in similar fashion. 

The test for astigmatism is made by seeing at twenty feet if all 
the lines of the chart (Fig. 274) are of equal width. Some of the 
lines may appear heavier or more distinct 


than others. 
2. Experiment—To study the sense 
| 3- of hearing. 


Method and observation. — At a dis- 
tance of twenty feet have the observer 
stand with one hand over one ear. At 
that distance, whisper in a low voice and 
test whether or not the observer hears and 

; understands. The whispered voice will be 
anes ed ieee heard at twenty feet by the normal ear. 
to test astigmatism. If this In similar fashion, test the other ear. 


defect exists, the lines that 3. Experiment—To test color blind- 
run in one direction will 

oe ness. 
appear more distinct than 
lines in other directions. 


£ 
\ 





A 





ay 


Material. — A set of standard color 
worsteds with their tints and shades. 

Method and observation. —Test the student with the different 
colors and note the difference in accuracy. 

4, Experiment — To analyze sunlight. 

Material. — Prism. 

Method and observation. — Throw the rays of the sun after passing 
through the prism upon a sheet of paper. Note what colors are 
present in the spectrum. 

5. Experiment — To test sharpness of vision. 

Material. — White thread and black card. 

Method and observation. — Cover one eye and measure the great- 
est distance at which the thread can be seen on the card. Test each 
eye. Test both eyes. 

Determine the greatest distance when the card is placed 30 and 
60 degrees from the line of vision. 

6. Experiment — To test change in ifis. 

Material. — Two persons. 

Method and observation. — Place subject facing window. Cover one 
eye, and on raising the hand note the change in size of the pupil. 
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Compare size of pupil when looking at near and at distant 
ts. 
ae Experiment — To test the dermal senses. (Fig. 272.) 

Material. — Drawing compass, scale graduated to millimeters, 
fine horsehair, pencil, forceps, vessels of cold, lukewarm, and hot 
water. 

Method and observation. —(1) A horsehair held in forceps will 
be stiff if a small tip of the hair projects, but less so as the length 
of the hair is increased by grasping the hair at points farther away 
from the tip. Place a straight piece of horsehair in forceps and 
determine the greatest length that will give sensation of pressure. 
Then test the relative sensitiveness of the palm and back of the 
hand, the cheek and lips, forearm and forehead. 

(2) Determine the least that the points of the compass may be 
separated and still be recognized as two points, when placed in 
contact with the parts given in (1). 

(3) Make slight pressure on the back of the hand with pencil 
and determine the sensations that arise. 

(4) Put finger of right hand into a vessel of warm water and 
finger of left hand into a vessel of cold water. Notice the kind 
of sensations that come from the two fingers. Does this sensation 
change while the fingers are kept in the water? 

Withdraw both fingers and place them at once into a vessel of 
lukewarm water. What are the sensations experienced now? 

8. Experiment — To test the sense of taste. 

Material. — Salt, sugar, vinegar, quinine. 

Method and observation. — Test with the different substances the 
tip, the sides, the back of the dry tongue and determine where 
the sense of taste for the different substances is located. 
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CHAPTER XIX 
SOME SPECIAL REGULATIVE PROCESSES 


The regulation of the temperature of the body 
The regulation of body activity and growth 
The nature of chemical regulation 

The thyroid 

Parathyroids 

The thymus 

The adrenal 

The pituitary 

The pineal body 

The pancreas 

The sex glands 
Other regulatory controls 

The control of the voice 

The motor factor — breath 

The vocal factor — the larynx 

The resonant chambers 

Pitch, volume, and quality 

The care and culture of the voice 


The regulation of the temperature of the body. — Man 
lives in the torrid zone and in the frigid zone, yet his tem- 
perature remains the same as he goes from one zone to an- 
other and as summer changes to winter. The temperature of 
the healthy body is about 98.6° F. This is unmistakable evi- 
dence of a mechanism for maintaining a uniform tempera- 
ture in his body. This agency for regulation of heat works in 
two ways. The body controls its loss of heat as well as its 
production of heat, and under normal conditions both means 


are used. Heat is lost from the body in the following ways: 
441 
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(1) Through the excreta and waste of the body. 
(2) Through the expired air. This air is warmer than the inspired 
air. 
(3) By the evaporation of moisture from the skin. This heat loss 
is increased with the increase of perspiration. 
(4) By conduction and radiation of heat from the skin. 


We can to some extent control this heat loss through evap- 
oration and radiation by wearing appropriate clothing. In 
winter the clothing should be chosen to diminish this heat 
loss and the material usually selected is wool. There is also 
automatic control of the heat loss by reflex control of the 
sweat nerves and the nerves to the blood vessels (vasomotor 
nerves). These vasomotor nerves are apparently under the 
guidance of a special center, so that a greater or less amount 
of blood, as desired, may be sent to the skin. On warm days 
the skin vessels are dilated; on cold days they are contracted. 

Heat is secured in the body by oxidation of food materials. 
The body burns its food and so transforms the energy of food 
into heat; and an increase in good food gives more material 
for heat. Why do we eat more in cold weather? This heat 
production is regulated by the heat center or other controlling 
centers acting through the nerves going to the muscles. It is 
also regulated by the quantity and character of the food eaten 
and this is determined by the appetite. Body heat, therefore, 
in its production and in its loss, is cared for by the body. By 
an understanding of the physiology of the process, we may 
so act as to assist the body. If we act contrary to the body 
laws, we are working against the body. Write down in two 
columns the ways in which the body may be assisted in heat 
production and in heat loss. 

The regulation of body activity and growth. — We are 
nearing the end of our study of the construction of the body 
and the way it works. We have learned of the numerous cells 
that enter into its formation, of their well-ordered activity, of 
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the co-operation between the different parts, and of the mar- 
velous control over all exerted by the nervous system. We 
have mentioned in an earlier chapter the part played by internal 
secretions in the processes of the body. It will profit us to 
examine that part in more detail. 

Two scientists experimented with a dog to determine the 
nature of the process involved in digestion of food in the 
stomach. By means of an opening from the esophagus so 
that food swallowed did not enter the stomach, and an open- 
ing in the stomach similar to that caused by the accident to 
Alexis St. Martin (page 199) so that the gastric secretion 
could be collected, these experimenters observed a copious 
flow of gastric juice when the dog was fed. The secretion con- 
tinued for twenty minutes after the sham feeding. This showed 
the psychic character of the flow and the correlation of the 
stomach with the mouth in the business of digestion. 

At another time a cat was brought into the presence of the 
dog. This greatly angered the dog and he became furious 
with rage. Wnile in this condition the dog was given a sham 
feeding and although the dog was hungry and ate eagerly, 
there was practically no secretion. Thus the scientific labora- 
tory gave to man some very exact knowledge of the way the 
body acts and highly important theories were formed. 

The nature of chemical regulation. — This remarkable 
experiment upon the dog is to be explained in terms of a 
secretion given into the blood by the adrenal glands. These 
organs lying just above the kidneys are stimulated to activity 
by the effect of emotions of anger. In addition to raising 
blood pressure, this secretion causes a relaxation of smooth 
muscle and a loss of tone in the alimentary canal. In short, 
a chemical thrown into the circulation comes to other cells 
and controls and regulates their activity (Fig. 275). There 
are Many internal secretions or hormones, and, altho 


| | ugh emo- 
tional excitement alters the action of some, others s 


how little 
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relationship. In the 
adrenals and thy- 
roid, emotional stim- 
ulation plays a part 
in the secretory activ- 
ity of these glands; 
in others, it is quite 
unimportant. 

The thyroid. — 
The thyroid gland 
is situated in the 
neck just below and 
at the sides of the 
thyroid cartilage or 
Adam’s apple CFig. 

Fig. 275. In this graphic tracing of muscular 276). The secretion 
contraction the arrow at the lower left-hand of the thyroid con- 
corner indicates injection of adrenalin. Notice . 
the increase in muscular power. The small tains a substance, 
tracing above gives the blood-pressure record, called thy roxin, 
Blood pressure also is affected by adrenalin. ; : ‘ 

which is the active 
principle of the gland. Thyroxin controls the rate at which 
energy is released by the body cells. In this way it acts as a 
governor upon metabolism and regulates the speed at which 
chemical changes go on in cells. Its normal action is dependent 
upon a supply of iodine in the diet. When this mineral is defi- 
cient in the food and water consumed, the gland becomes en- 
larged and its function usually is disturbed. Some states require 
that iodine shall be added to table salt so that the deficiency of 
‘odine characteristic of the food and water of these states shall 
be supplied. Figure 277 indicates the states where food and 





i i i 


From Cannon, “ Bodily Changes in Pain, 
Hunger, Fear, and Rage” 


water supplies are low in iodine. 
Children may be born with a deficiency of thyroid secretion. 


Such children are mentally and physically retarded; they are 
called cretins. Administration of thyroid extract greatly im- 
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proves the condition (Fig. 
37). Deficiency of iodine in 
the food and water supply Vo/ce 60x 
is often first determined by 
an enlargement of the gland, 
called goiter. There may be 
no alteration in function 
from this deficiency, but 
frequently the secretion of 
the gland is also changed. 
Parathyroids. — These are 
four small glands lying under 


the thyroid. They function Bi 
Fig. 276. Thethyroid gland secretes 


in the res of calcium by a substance called thyroxin, which 
the cells. A deficiency of controls the rate at which energy is 


I 
parathyroid secretion causes *l¢ased by the body cells 
tetany. Tetany is characterized by marked nervous symptoms 
and muscle spasms. 






Iodin in drinking water 
in U.S. 


1-22 parts of iodin S/ 
23-18,470 parts of iodin V 


per bundred billion parts of water 









‘Fig. 277. This chart shows the amount of iodine in 
different areas of the United States. 
hundred billion parts of water. 


the drinking water in 
The parts of iodine are calculated per 
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The thymus. — The thymus is a gland situated in the chest, 
resting on the great vessels that come into the heart. It dis- 
appears with the change from childhood to manhood and 

womanhood. Ex- 

actly what function 
Aarenet it plays in the ma- 
turing of the child 
is not known, but 
its disappearance is 
suggestive of a rdle 
in the development 
Fig. 278. The adrenals are paired structures, one of adult character- 

on each side, resting on top of each kidney. us 
istics. 

The adrenal. — The adrenals are paired structures, one on 
each side, resting on top of each kidney (Fig. 278). They 
secrete a substance called epinephrine. A commercial product 
that is chemically the same is widely known as adrenalin. This 
substance, when given into the blood stream, acts to release 
sugar from the liver so that this source of energy may be avail- 
able for the muscles. Thus, these glands respond sharply to 
emotional excitement and are called into action when muscles 
are used. This explains the unusual strength of persons who 
are stimulated by emotional excitement (Fig. 279). The phys- 
ical endurance of the dancing Dervish and the Kalingas in the 
Philippines and the natives of the Netherlands East Indies is 
explained by this secretion of the adrenals. 

Dr. W. B. Cannon tells of the action of these glands under 
emotional excitement. He writes: “In 1374 a mania broke 
forth in Germany, the Netherlands and France, in which the 
victims claimed to dance in honor of Saint John. Men and 
women went about dancing hand in hand, in pairs, or in 
circles, on the streets, in the churches, at their homes, of 
wherever they might be, hour after hour without rest. While 
dancing, they sang, uttered cries, and saw visions.” John 
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Fig. 279. The endurance of the natives of Nias, an island of the Netherlands 
East Indies, in the dance is due to the secretion of the adrenals. 


Wesley described the antics of a religious sect known as the 
Jumpers: “Scme were torn with a kind of convulsive motion 
in every part of their bodies, and that so violently, that often 
four or five persons could not hold one of them.” 

These unusual physical powers are to be explained by the 
energy thrown into the circulation by stimulation of the adre- 
nals. The significance of this 
truth to one wishing to achieve 
the best in living does not 
point to no emotion at all. It 
indicates rather that we should 
seek constantly to put our- 
selves in touch with the great 
truths of all time, great books, ‘Seiad Cora 
great personalities, not that we Fig. 280. This is a longitudinal 


may dance for days, but that Section of the left half of the brain. 


as Note the location of the pituitar 
we may be stimulated to draw gland. : 


Cerebellum 
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Fig. 281. Abnormal activity of 
the pituitary gland alters the normal 
growth of the bones. 

slowing of the heart beat. 


therefore regulates growth; th 





on our energies for more 
effort in accomplishing wor- 
thy work in the world. 

The pituitary. — Located 
at the base of the brain 
(Fig. 280) is a small gland, 
about the size of a pea, that 
regulates the size of the in- 
dividual (Fig. 281). This is 
the pituitary gland. This 
gland has a front portion 
that causes giantism when its 
secretion is increased in 
amount or dwarfism when 
decreased. The pituitary is 
not alone in its effect upon 
growth in size. The folk 
tales of giants and dwarfs, 
often regarded as mere fancy, 
have an element of truth in 
them. There are giants and 
dwarfs today; there were 
such persons years ago (Fig. 
282). 

The sex glands, and pos- 
sibly the thymus, also play 
important parts. The rear 
portion of the gland causes 
a contraction of smooth 
muscle in the body, a rise 
in blood pressure, and a 


The function of the front portion 
e rear portion controls certain 


cellular activity of a functional kind. 
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The pineal body. — This structure is also located at the base 
of the brain. It is included with the endocrine glands although 
serious doubt exists about its being a gland at all. It is a 
remnant of a third eye of primitive animals. Descartes thought 
it was the seat of the soul. Its 
function is unknown. 

The pancreas. —The pancreas 
is a single gland with a double 
function. It will be remem- 
bered that the pancreas is a di- 
gestive gland, giving a secre- 
tion into the alimentary canal, 
and also an endocrine gland 
giving a secretion into the 
blood. It is, therefore, both a 
duct and ductless gland. 

The digestive secretion has 
been studied. The endocrine 
secretion has its own distinc- 
tive effect. This product from 
the pancreas enables the liver to 
store sugar that comes to it in 
the blood stream until such Courteny of Roiailag rds ong naeeanr et tena 
time as the muscles need this _ Fig. 282. Estimate the sizes of 
material for action, and enables marin Orpen average-size 
the muscle to burn the sugar 


and transform heat energy to work energy. If the pancreas 
loses the ability to produce this secretion, the individual 
develops a disease known as diabetes. About 1923, by careful 
and brilliant scientific work, this secretion was isolated from 
the pancreas of other animals and as inswlin is available for 
treatment of diabetes in man. Its effect in this disease appears 
magical, but it cannot be called a cure for diabetes since its 
use must be continued until the capacity of the individual to 
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transform sugar into heat energy can be increased through 
special dietary measures. 

The sex glands. —'The male and female sex glands, in addi- 
tion to their reproductive secretions, give internal secretions 
into the blood. These chemicals begin to function before birth 
and aid in the differentiation of the male and female sex 
organs. After birth these glands normally remain inactive, but 
with the years of change from childhood to manhood and 
womanhood, these secretions become very active. In the male 
the secretion from the sex glands is responsible for the growth 
of the beard and for the change in the voice. In the female the 
secretion from the sex glands causes the development of the 
breasts and begins that monthly series known as menstrua- 
tion. 

Other regulatory controls. — It will be noticed, therefore, 
that the human body is very complex in its regulation and 
control. Unseen forces are at work directing its growth and 
controlling its development. It is a mistake to believe that 
bodily health and vigor may be maintained in spite of careless 
living and violation of the laws of health. The human being 
should use his intelligence to control and direct himself. The 
body should be thought of as the temple of the spirit and 
treated in such fashion that it may be a worthy team mate for 
the mind. Remembering that body and mind are one, it 1s 
clear that the body cannot be injured without also a compa- 
rable injury to the mind. 

The control of the voice. — Man conveyed ideas in primitive 
times, before the use of the voice, by gestures. Today this is 
called pantomime and as a means of conveying ideas it is 
less necessary because man has the ability to express his 
wants and desires by the spoken word. The voice, therefore, 
is the means of communication between individuals; it is not 
the only means, however, nor should it be used alone, because 
the use of the muscles of the body in producing movement 
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and different forms of expression makes clearer and more 
forceful the meaning of the thought conveyed by the voice. 
The voice is used to convey ideas in song, and this use 1s 
not only utilitarian but also may be such as to give pleasure. 
Whether the word is spoken or sung there are certain impot- 
tant facts in the production of this sound that are to be con- 
sidered. The first of these is the breath by which the sound 
is produced; the second is the larynx in which the sound is 
produced; and the third is the resonating chambers which 
modify and mold the sound. The voice may be likened to a 
musical instrument in which the breath is the motive factor, 
the larynx is the string in the case of a violin, and the reso- 
nators are curves and flutings of the horn. In certain respects 
the voice resembles more a violin and in others it may be 
likened to a horn. 

It is very important that the child learn to use the voice 
properly and to this end there should be instruction in speak- 
ing and singing. 

The motor jactor — breath. — For the production of sound, 
air must be taken into the lungs and while under control it 
is allowed to pass out over the strings in the larynx, thus 
producing sound. In the chapter on respiration it was learned 
that there are three ways of breathing — costal, abdominal, 
and natural. Inasmuch as the diaphragm is so important in 
Supporting the sound produced there is another reason why 
breathing should combine abdominal and costal. This form 
of breathing will give more air and at the same time will have 
it under better control. For efficient functioning of respiration 
it 1s very important to maintain the correct standing position. 
How often have you seen girls and boys who were unable to 
speak plainly? Did you notice that their standing position 
was very poor? One who wishes to have a good voice must 
learn to stand in a position that will allow the chest to have 
free and unobstructed movement and that will keep the abdo- 
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men well drawn in. As a result, the larynx will be supported 
in the proper place in the throat. 

The vocal factor — the larynx. — The larynx, in which the 
voice originates, is a cartilaginous box with three sides, the 
sharpest corner forming a ridge in front (Fig. 283). In most 
men the larynx is prominent 
in the neck, and is called the 
Adam's apple. The lid of the 
voice-box, or larynx, is also of 
cartilage, and is called the epv- 
glottis. Across the middle of 
the box are stretched two 
bands, or half curtains, called 
the vocal cords (Fig. 284). 
Their ends are attached to the 
front and back of the larynx. 
They are not true cords, how- 
Ber e ever, as they are thin and flat, 

Fig. 283. A view of the right side and one edge of each band is 

of the larynx from the front indi- attached to the side of the lar- 
cates epiglottis, larynx, and trachea. ynx. Since the cords runacross 
the middle of the chamber from front to back, the free edges are 
brought near together. The slit, or opening between these 
edges, is called the glottis. During ordinary respiration the cords 
are relaxed and the slit is wide open. To make the voice, the 
vocal cords must be brought very near together and drawn 
tight, and a current of air must be forced through the narrow 
slit to throw the cords into vibration. The front ends of 
the cords are attached to the larynx just within the angle, 
or ridge, called the Adam’s apple. The rear ends are at- 
tached to two little movable cartilages at the back of the 
chamber. The moving of these little cartilages by the mus- 
cles of the larynx brings the edges together and tightens the 


cords. 
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Sound waves, or sound vibrations, are imparted to ms re 
by the tremulous motion of the cords. The range of the 
human voice is about three octaves, but for Spy; One pe‘son 
it is less than that. The limits of the vibrations which the 
average human voice is capable of making are from forty-two 







Right 
Vocal] Cord 


Left 
Vocal Cord 


Ar wlenoid 
Ci artilage 


Fig. 284. The cross-section of the larynx above the vocal cords with the 
mucous membrane removed shows left and right vocal cords and arytenoid 
cartilage. 


vibrations per second for the lowest tone, to 2048 vibrations 
per second for the highest tone (Fig. 285). Lower C of the 
soprano is produced by two hundred and fifty-six vibrations 
per second. The limits of vibrations which the average human 
ear is capable of hearing are from 16 to 30,000 vibrations per 
second, but until they reach a rate of about fifty, the sound 
is more like a buzz than a tone. Some people cannot hear the 
voice of mice, or the squeak of a bat, because the high pitch 
is beyond the limit of their hearing. 

The resonant chambers. —'The vibration of the vocal cords 
alone produces a weak, squeaky sound, but their vibrations 
are re-enforced or strengthened by the vibration of the walls 
of the lungs and trachea below, and of the nose and mouth 
above (Fig. 286). These echoes, combining with and re- 
enforcing the vibration of the cords, determine the quality of 
the voice. Just as the shape and material of the walls of the 
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Fig. 285. This diagram shows the range of the average human voice and 
notable exceptions from the normal. 
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; aaa 
violin give the quality to its tone, so the shape and Sal 
of the nasal passages and throat give characteristic quality 


Fig. 286. The figures above indicate how the mouth is shaped in sounding 
the vowels A, E, OO. 


to each human voice (Fig. 287). When the nasal passages are 
stopped up, the person is said to speak in a nasal tone, or 
through the nose; but a ‘‘nasal’”’ tone really results only when 
the sound cannot come through the nose. Such a person’s 





Fig. 287. The resonant chambers ar 
the nose; B, resonance cavit 
pharynx; D, soft palate 

The figure on the left shows soft palate (D) in normal 
air in naso-pharynx to vibrate in unison with initial 
figure shows soft palate raised, 
tone thin and hard. The figure 
The tongue is lowered, increas 
creases the volume of the tone, 
(Latson. ) 


e as follows: A, resonance cavity of 
y of the mouth; C, resonance cavity of the 
; E, tongue; F, point at which vibration begins. 


position, allowing 
note. The middle 
shutting off the resonance and rendering 
on the right shows another common fault. 
ing the size of the mouth Cavity. This in- 
but renders the quality harsh and hollow. 
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voice does not change its quality when he speaks with his 
nose stopped with his fingers. But a voice which has correct 
nasal resonance will change its quality when the nostrils are 
held. Try it, and see whether your voice retains its nasal 
resonance. Let one pupil read aloud at the back of the room 
_where the others do not see him, and find out whether they 
can tell, by the change in his voice, at which word he closes 
his nostrils in the midst of the reading. The vocal cords are 
not used at all in whispering. It is akin to whistling. In sing- 
ing, single sounds are more or less prolonged. In speech, 
the principal changes are in the duration of the sound and in 
the resonance in the mouth. In whispering, audible breathing 
is cut off by the tongue and lips, and words are articulated, 
although no sound comes from the vocal cords. A public 
speaker ordinarily utters one hundred and twenty-five words 
per minute. If there are four syllables and consonant endings 
to a word, this amounts to five hundred sounds each minute 
or eight each second. 

Pitch, volume, and quality. — The rate of vibration of a cord, 
and hence the pitch of a sound, are influenced in several ways. 
Is the string of a violin or of a guitar tuned up or down by 
tightening it? Which is higher in pitch, a long or short string 
of a harp or a piano? Which makes a higher note, the light 
or the heavy string of a violin or a guitar? The pitch of the 
note given by a string may be raised in three ways: tighten- 
ing, shortening, or decreasing the weight of the string. From 
these facts explain why the voice rises in pitch when we are 
excited, the muscles at that time being contracted with greater 
force. Why does a cold with congestion of the cords cause 
a person to speak in a hoarse, deep voice? Why does a man, 
whose larynx is larger than a woman’s, have the deeper voice? 
Why does a boy’s voice change as his larynx enlarges? 

A man’s voice has usually a pitch of one octave below that 
of a woman or a boy. The range of the human voice is about 
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two octaves. The voice may also vary in volume, or loudness, 
as well as in pitch. How do we speak loudly at one time and 
softly at another? If a tin pan is struck gently, the sound is 
weak; if it is struck with force, the sound is louder. We make 
the voice louder by stronger expiration of the breath, thus 
sending the air with more strength against the tightened vocal , 
cords. Two persons sing a song together in the same pitch 
and with the same loudness; yet you can readily distinguish a 
difference in the two voices. This is because of a difference 
in quality, which is the third variation possible in a voice. 
Sound in wind instruments is strengthened by resonance, 
which is a kind of instantaneous echo in the pipes. 

The care and culture of the voice. —'The voice should not be 
used more than is absolutely necessary when it is hoarse. 
Inflammation may injure the voice by injury to the vocal cords 
or by obstruction of the nasal passages. 

The best way for a child to acquire distinct and refined 
speech, is to hear it habitually. Great numbers of people are 
handicapped b; hasty, harsh, indistinct, or disagreeable speech. 
Parents and teachers should remember, as children are grow- 
ing up, what an advantage to them in after-life a refined melo- 
dious voice will be. Nearly all children have sweet voices 
when young, but many lose them before adult life on account 
of acquired nervous habits, dusty and ill-ventilated rooms, 
deformity of lungs due to restrictive clothing, or from singing 
during the time their voices are changing or attempting tunes 
beyond the compass of their voices. Adenoids interfere with 
the voice. 

Smokers are frequent sufferers from affections of the throat. 
Smoking may produce a constant ““hacking”’ cough. The hot, 
irritating smoke, brought in contact with the vocal cords, is 
almost certain to produce mischief. Singers and public speak- 
ers usually have to give up the use of tobacco on this account. 
Cigarette smoking is especially bad for the voice, as the smoke 
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is inhaled. The deep-toned voice of the chronic drinker may 
be an indication of inflammation of the larynx, a disease from 
which beer drinkers often suffer. 

Methods of voice training vary, but it should be noted that 
there is no special virtue in any one system. To train the voice 
properly there must be considered the motor factor, the vocal 
instrument, and the resonant chambers. In some pupils one 
factor may need more emphasis than the others and the suc- 
cessful teacher will meet the needs of the pupil rather than 
pursue with every pupil a rigid system. To secure a rich, 
resonant, and flexible voice is the goal. Hence there must be 
no straining and no tenseness. Breathing exercises that call 
for a rigid, overfilled chest destroy flexibility. Swedish formal 
gymnastics are distinctly harmful in this respect, because they 
make the individual tense and rigid. 


FACTS TO REVIEW 


1. How is heat produced in the body? How is it lost? 

2. List as many ways as you can think of that the regulation 
of the heat of the body may be assisted and may be hindered by 
clothing. 

3. What does the adrenal secretion do in the body? 

4. Discuss the source and function of thyroxin. 

5. Where are the parathyroids located? What is the location 


of the thyroid? 

6. When is the thymus prominent? 

7, What is the location of the pituitary? What portions of the 
gland secretion are related to giantism and dwarfism? What gland 
is related to cretinism? 

g. Tell the location and functions of the pancreas. 

9. In what disease is insulin of great value? 

10. Name the three factors important in vocal sound production. 
11. What is the relationship of postures to voice production? 
12. Describe the larynx. Explain how it functions in producing 


sound. 


= ee ”? ? 
13. Why does a person with catarrh have a “‘nasal’” tone of voice: 
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QUESTIONS TO THINK ABOUT 


1. If the entire body is covered, it may be protected from cold, 
but what does it lose on days when the sun is shining? 

2. How is the experiment of the two scientists to determine the 
nature of the process of digestion of food of help in directing 
your own life? What value has this scientific knowledge if you con- 
tinue to act as if it were not known or as if it were not true? 

3. What effort are yor making to put yourself in touch with 
stimulating sources? List the books, persons, or occasions that 
might be considered valuable in this respect. 

4. Do we have habits of speech? How are they formed? How 
far is it possible for you to speak with a soft, pleasant, musical 
voice? 

5. Does your voice express yourself? Is it related to posture, 
personality, ideas, and ideals? What should one try to change 
first? Why? Explain fully. 


INTERESTING THINGS TO DO 


1. Inhale and while exhaling produce the sound of 0, e, and xz. 
What causes these sounds? Repeat and note differences in quality 
as you stand with head on the chest, with head erect, and in other 
positions. 

2. Inhale and try to produce the same sounds while the air is 
coming in. What happens? What do you conclude from this? 

3. Read aloud with the best voice you have. Then close the 
nostrils and read again. What has happened? 
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What makes you as you are?— Why do you resemble 
your father or mother or even one of your grandparents? How 
do you account for the differences? The answers to these 
questions are wrapped up in explanations of heredity. For 
many years persons observed that there were resemblances 
between parent and child. An oak tree produces an oak, a 
Norway maple produces the same kind and not a hard or soft 
maple. The common sense of the matter is, of course, that 
the children of parents will resemble them. 

But there are also differences. A child may resemble grand- 
parents and not parents, be taller or shorter, darker or fairer 
than parents, and possess a nose or mouth that is quite dif- 
ferent in shape from those of either parent. Common sense 


does not explain these matters, but the facts of heredity do. 
461 
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The complexity of forces that play upon us. — A new- 
born infant is the result of two cells developing into the 
structure of the human child. From the moment that the two 
cells have united many forces begin to play upon these masses 
of protoplasm. They are of two kinds, heredity and environment. 

The biological forces of heredity are the powers within each 
cell exerting themselves to produce certain forms, functions, 
and abilities. These forces determine that the new individual 
will be Auman rather than of some other species; they are 
responsible also for the particular kind of human. Since these 
forces are in cells produced by father and mother, they will of 
necessity represent what father and mother can give. Thus it 
happens that children tend to resemble parents. 

The forces of environment begin to work upon the human 
protoplasm the moment the two cells have united. Although 
their effects are apt to be minor before birth, they may affect 
development of the child through the food supply of the 
mother, particularly such items as iodine, calcium, and vita- 
min D. Other environmental forces may affect the developing 
child before birth but the most powerful of these act upon the 
individual after birth. 

How heredity works. — The new individual develops from 
the union of ovum, the cell from the mother, and of sperma- 
tozoon, the cell from the father. ‘These two cells unite and 
then multiply many times. Thus, the newborn infant is com- 
posed of a very great number of cells. These are different 10 
shape, size, and function. Although two children born of the 
same parents are constructed of cells of the same kinds, and 
although the children may appear outwardly very much alike, 
the powers and capacities within the cells may show a great 
difference. Even identical twins (Fig. 288) may possess mark- 
edly different qualities in personality, intelligence, strength, 
resistance to disease, and show other traits that reflect differ- 
ences within the cells. 
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Photo by H. Armstrong Roberts 


Fig. 288. Identical twins may be markedly different in personality, intelli- 
gence, strength, and other such traits. 


Chromosomes and heredity. — The differences or resemblances 
in people that are due to heredity are the expressions of certain 
forces located in the nuclei of the sex cells. These forces in 
the nuclei are represented by masses of material that can be 
demonstrated by stains. This means that materials in the 
nucleus take certain stains and are therefore designated as 
chromatin. When this chromatin is examined it js seen to be 
composed of small particles, called chromosomes. These are 
visible under the microscope. Further study of the chromo- 
somes reveals the fact that each chromosome is composed of 
minute particles, called genes. The forces of heredity act 
through the genes present in the chromosomes. 

The traits and characteristics of a person that are inherited 
from his parents pass in these minute substances, the genes. 
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The color of eyes, the shape of the nose, the stature, the 
intellectual ability — these and many more items that mark a 
person are inherited (Fig. 289) and the genes are the respon- 
sible agents in the matter. 

The genes are paired. —'The genes from the male cell and 
those from the female cell are paired. That means that the 
paternal gene having to do with 
intelligence is paired with one, 
likewise responsible, from the 
maternal side. This is a fortu- 
nate arrangement, for if the gene 
from one parent is defective and 
that from the other is normal, 
the individual will, as a rule, de- 
velop intellectual qualities after 
the second and be normally in- 
telligent. If both genes for any 
one characteristic are defective, 
> the result is no longer in doubt 
jaciaife —the product will be defective. 
|. Bide figee the Botiwome Ao | macl her genes and heredity. — An 
Fig. 289. Ferdinand I (1556- . ,. . ; 
1564) inherited the peculiar lip individual is the product, then, 
which is a distinctive feature of the of two cells that carry in the 
Hapsburg family. : ’ ; 

genes the traits of inheritance 

(Fig. 290). He may bea normal individual but in his own sex 
cells carry defective genes that he received from one of his 
parents but which in his case did not produce defect because 
his other parent transmitted normal genes. If he marries a 
woman who also has defective genes in the same traits in which 
the defect is present in the father, the children may be lazy, 
dull, and stupid, although neither parent is. This does not 
usually happen because in general we resemble the traits and 
characteristics of our parents. This action of genes explains 
a condition that is observed and wondered about often. 
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Dominant and recessive traits. — There are genes for the 
same trait or character in both male and female cells. If the 
gene, for any one character is stronger than the gene for the 
corresponding character in which it is paired — the paired ones 
are the two of the same character, one each from male and 
female — then the stronger dominates in the development of 
this character. Thus, genes are called dominant, those that are 
stronger, and recessive, those that are weaker. 

The gene for brown eyes is dominant over the gene for 
blue eyes, and hence a child from parents one of whom has 
brown eyes and one of whom has blue eyes is apt to show 
brown eyes. Brown is a dominant and blue is recessive. But 
the color of eyes in a parent does not mean that the germ cell 
carries only the trait of eye color possessed by the parent. 
Indeed, the germ cell may possess genes that are not indicated 
in the trait manifested by the parent. Thus, two parents, both 
brown-eyed, may produce a child with blue eyes. 

Hybrids and heredity. —The appearance of dominant and 
recessive traits or characters accounts for the occurrence of 
hybrids. Hybrids are individuals that possess mixed traits or 
qualities. Thus, if a black guinea pig is mated with a white 
guinea pig, hybrids will result. The offspring will all be black 
because black is dominant over white, but if many such 
hybrids are bred, one fourth of the young will be black and 
pure, one half black and hybrid, and one fourth white and 
pure. If the pure black is bred with pure black, only black 
will result; similarly for the pure white. If the black hybrids 
are bred, the same ratio occurs as given above. Dominant 
characters in hybrids appear in every generation but recessive 
ones appear in alternate generations. . 

Inheritance and acquired traits. — This explanation of inherit- 
ance should not obscure the fact that some traits shown by 
individuals are acquired. But acquirement of any trait depends 
upon the inherited capacity of the individual to develop the 
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trait. Thus, an individual may acquire high excellence in a 
ing, but this development was dependent upon inheritance : 
structures and abilities that could reach this high level. It is 
apparent, therefore, that what abilities we achieve are always 
limited by the original capacity we possess in those abilities. 
The most devoted effort in singing is unable to make an 
operatic star, the most faithful exercise is unable to produce 
a star athlete, and devoted study cannot develop an intelligent 
person unless in these instances the inheritance provided a 
promise in these directions. Therefore, one can acquire abili- 
ties only within the limit set by inheritance. 

The inheritance of acquired traits. —The question is often 
asked whether or not traits that are acquired can be inherited. 
If a person develops highly his ability to play the piano, can 
this trait be passed on to offspring? If for generations the 
tonsils are removed from the members of a family, will this 
eventually produce offspring without tonsils? 

It is a fact, of course, that removal of tonsils affects the 
throat of an irdividual, but it does not change the genes in 
the germ cells. Hence acquired characters are not inherited. 
No matter how highly you develop yourself or how com- 
pletely you fail to achieve your possibilities, your offspring 
must start at the beginning and also develop or fail to develop 
his potentialities. 

Heredity and environment. — The discovery that all traits 
and characteristics of a person were the product of certain 
substances, called genes, that were found in the chromosomes 
of the sex cells, led to the view that heredity was the only 
factor and that environment was of no importance. It is true, 
of course, that the thousands of genes are responsible for 
the individual. But if the conditions under which the genes 
develop are altered, the individual is also changed. The con- 
ditions constitute the environment. Hence, the individual is 
the product of two forces: heredity and environment. These 
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are not separate and unrelated but aspects of a total experience 
of the individual. 

Getting rid of defective genes. — There is no way that 
an individual who possesses defective genes can strengthen 
them or eliminate them. They are a part of his sex cells and 
are unalterable in him. The traits that he received, however, 
may be improved in himself by effort and favorable conditions. 
Thus, he may have inherited a defect of the thyroid gland, 
but this deficiency may be corrected in him by the administra- 
tion of thyroxin. 

Heredity and health. — The health of an individual is the 
product of heredity and environment. Some conditions are 
due mainly to heredity, others mainly to environment; but 
both are factors in the total picture. Thus, the disease diabetes 
appears to have a strong hereditary influence, while tuberculosis 
appears to be primarily a product of environment. , 

The young person who appraises his chances for vigorous 
health is faced for himself with only one question. He can 
do nothing about his heredity. That is settled. His question 
is, “What can I do to strengthen weaknesses, overcome de- 
fects, develop to the maximum the powers I have?” To find 
an intelligent answer to that question is a matter of very great 
importance. 

Eugenics. — The word eugenics means favorable birth. Dis- 
covery of the laws of heredity has led to proposals that seek 
to apply them to human kind and thus to improve the race 
of man. This is the practical aspect of eugenics. There are, 
of course, many difficulties in the way. Individuals choose 
their mates variously. Some are concerned with capricious 
values such as color of hair or eyes; others take into account 
education, ideas, ideals, and social worth; and others quite 
freely disregard all such things. In responses of these kinds, 
little or no consideration is given to heredity, favorable genes, 
or the absence of defective genes. Actually, of course, some 


HEREDITY AND HEALTH 469 


eugenic selection goes on because intelligent persons do not 
mate with the feeble-minded, and persons of fine character do 
not consort with criminals, paupers, and the insane. 

Little progress has, therefore, been made in the movement 
of eugenics and, as applied to man, little can be expected. 
This little may be added to from generation to generation as 
the ideals of health, vitality, character and social worth become 
more widely held. 


FACTS TO REVIEW 


1. Why are there resemblances between parent and child? 

2. What are the forces that play upon man? 

3. Where are these forces found and under what conditions 
do they operate most powerfully ? 

4. If identical twins differ in strength and intelligence, where 
do these differences arise? 

5. What are chromosomes? What are genes? 

6. What are dominant and recessive traits and upon what do 
they depend? 

7. What is a hybrid? 

8. Are acquired traits inherited? Explain fully your answer. 


QUESTIONS TO THINK ABOUT 


1. If I am brown-eyed and marry a blue-eyed person will my 
children be brown- or blue-eyed? Why? What about their children ? 

2. Suppose my intelligence as indicated by heredity is equal to 
90 (100 being normal), will I necessarily develop 90? Can I 
develop more than 90? Suppose it is 120. Will I necessarily 
develop 120? Can I develop more than 120? 

3. Is there, then, a real place for effort in every person’s life? 
What can I expect my best effort to do for me? | 

4. Can a person get rid of defective genes? 
done? 

5. Is disease of any kind due to heredity ? 
prevent the development of diseases ? 


How can this be 


What can I do to 
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INTERESTING THINGS TO DO 


1. Examine slides that show the chromosomes of a cell. 

2. Draw a diagram indicating how hybrids are developed from 
the mating of black and white guinea pigs. 

3. Make a list of superstitious ideas concerning the inheritance 
of defect and indicate the correct view for each. 
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Prevention of communicable diseases 
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How bacteria are destroyed outside the body 
Disinfection 
Antiseptics 
Curious theories of disease 
Ignorance and disease 


Injury to the body by forces in its environment. — It is 
very important to remember that the human body is the kind 
of body it is because of the way in which the members of 
the race have lived. For example, man has an alimentary 
canal that requires a mixed diet, partly because in the growth 
and development of the alimentary tract, a diet of flesh, vege- 
tables, grains, nuts, and fruits was used. The body is injured 
‘€ man in his foolishness tries to live only on nuts. The body 
of man has developed with reference to exercise, and he has 
inherited the need for physical activity. Therefore, the man 
or woman who sits in an office all day and does not partici- 
pate in games or sports of gymnastics of any kind, will suffer 
from disturbances in the body due to the lack of physical 
exercise. 

The body may be injured also by attacks from forces out- 
side the body, such as minute microscopic animals present 
in the air and water and often found on objects of all kinds. 
They cause disease by obtaining an entrance into the body and 
growing there. As they grow they produce poisons, which, 
passing into the blood in the circulation, injure the body cells 


and in some cases kill them. Protection from such forces, 
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therefore, will be obtained by preventing them from obtaining 
entrance to the body or by keeping the body so well that, if 
they do get in, they cannot grow and develop. Do you re- 
member the parable of the sower? With a small change in the 
parable, the relation of seed to soil and bacteria to human 
bodies may be compared. These microscopic organisms are 
like seed. The healthy body is poor soil for the growth of 
bacteria. If they fall on stony ground (good, vigorous, healthy 
bodies), they die; if the leucocytes and protective agents in 
the blood are able and sufficient, they will play the part of 
tares and birds in destroying them; but if they come into the 
lazy, weak, inefficient body, they will produce many fold. 
Microscopic forms of life. — As we trace back to their 
origins the lines of development of the animal and plant king- 
doms, we find them converging to one common type, a single 
cell organism, so simple in construction and so unspecialized 
in function that it is impossible to tell whether it is plant or 
animal. These cells are so small that they can be observed 
only by means of the high power of the microscope. They 
are much smaller than the cells of the body and are called 
microorganisms. Of these minute forms of life, there are 
several that cause disease. These are bacteria, viruses, rick- 
ettsie, and protozoa. The term germ is sometimes used to 
indicate an infectious agent. We shall use the term, however, 
that is appropriate for the particular organism described. 
Bacteria. — These minute organisms are so small that only 
the high power of the microscope will reveal their presence. 
If one can imagine 1,500 of them placed side by side, the size 
of the mass would about reach across the head of a pin. Bac- 
teria are present everywhere in nature. Many of them play 
useful réles in the breaking down of organic matter and cause 
decay and decomposition, so that the chemicals of such mate- 
rial become available for the use of plants. Others, however, 
cause disease in man. These are called bathogenic bacteria. 
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A study of the shape of bacteria reveals that they are small 
unicellular structures without an identifiable nucleus. Some 
are spherical and are called coccz; others are rod-shaped and are 
known as bacilli; others are spiral-like and are termed spirilla. 
Each type of coccus, bacillus, and spirillum that is pathogenic 
has definite characteristics and can be identified by the bac- 
teriologist (Fig. 291). Some bacteria have hair-like processes 
called flagella. These are used in locomotion. 

How bacteria reproduce. — Bacteria reproduce by dividing 
and becoming two where there was only one before. This 
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Fig. 291. Bacteria are small unicellular structures without a nucleus. 
1. Rod-shaped forms are bacilli; spherical ones are cocci; spiral-shaped are 
spirilla. 2. Some bacilli and cocci have hairlike processes for locomotion, 
called flagella. 3. Some bacilli and spirilla have many hairlike flagella. 
division may take place very rapidly and will do so at the 
temperature of the body and in the presence of moisture. 
J. E. Peabody and A. E. Hunt have calculated that a single 
bacterium in twenty-four hours will have increased from one 
to 16,777,216 bacteria. In this growth poisonous waste 1S 
given off by the bacteria. This explains why food that is 
wholesome on one day may be totally unfit for use on the 
day following. Heat, moisture, and food are the three condi- 
tions favorable for the reproduction of bacteria. 

If heat, moisture, and food are lacking, some bacteria will go 
into a resting stage, called spore formation. In this stage, the 
membrane of the organism becomes thickened and this pro- 
tective covering makes it very resistant to heat. Such spores 
may remain alive for a long time and when placed in a suit- 
able environment, they will shed their covering and take on 


their characteristic activity, as bacteria. 
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Ptomaines and toxins. — It has been believed for some time 
that bacteria produce waste matter Of ptomaines when they 
are present in food, and 
that these substances 
may cause illness and 
even death. It is now 
understood that  in- 
stances of so-called 
“ptomaine poisoning” 
are in fact not due to 
waste developed in the 
food eaten but a distinct 
infection due commonly 
to bacillus paratyphosus, 
ort to bacillus enteritidis, 





/ ‘ Fig. 292. The diphtheria bacilli are the 
ot to bacillus botulinus. small rods shown in the picture. These 


organisms are killed by antitoxin given to 


Frequently bacteria may those who have the disease. 


form in ice cream that 
has been kepr for a long time. That is why it is danger- 
ous to eat ice cream that has melted and been frozen over 
again. A few years ago the newspapers recorded the deaths 
of a number of people who had eaten from a certain pack of 
olives. Generally, the canning of vegetables is carefully super- 
vised, but if sterilization is not complete, the bacillus botulinus 
may produce poison that is deadly to one eating the vegetable. 
Pathogenic bacteria are ones that gain entrance in the living 
body and that produce poisons, called toxins. These toxins 
may be localized in the area infected, but more frequently they 
are absorbed in the blood stream and carried to all parts of 
the body. In certain diseases these toxins give rise to dis- 
tressing symptoms. While not all communicable diseases are 
due to bacteria, the fact of their responsibility in many has 
been clearly established. Diphtheria (Fig. 292), typhoid fever 
(Fig. 293), tuberculosis (Fig. 294), cholera (Fig. 295), teta- 
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nus (Fig. 296), pneumonia (Fig. 297), and meningitis are 

known definitely to be due to specific pathogenic bacteria. 
Viruses. — With few exceptions the viruses are so small 

that they cannot be seen under the microscope, but they can 





Fig. 293. The growth of typhoid Fig. 294. Tubercle bacilli will be 
bacilli in the intestine produces found in the sputum of a person hay- 
typhoid fever. ing tuberculosis of the lungs. 


be studied through their effects when inoculated into animals. 
Their minute size is indicated in comparison with other small 


and microscopic objects (Fig. 298). There is considerable 
disagreement regarding the exact nature of a virus. Some 





Fig. 296. The “drumstick” form 
is characteristic of the tetanus 
bacillus which causes tetanus, com: 
monly called “lockjaw.” 


Fig. 295. The bacteria which 
cause cholera are called cholera 
spirilla. They have flagella which 
serve as tails for locomotion. 
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maintain that viruses are not living cells like bacteria but 
chemical enzymes or protein molecules. Their exact nature 
is unknown, but they do cause disease. The common cold, 
dengue fever, measles, mumps, smallpox, vaccinia, and others 
are the result of virus infection. 

Rickettsiae. — These organisms are definitely living cells, 
and, although smaller than the bacteria, they have many of the 
same properties. These organ- 
isms were first discovered 
by Howard Taylor Ricketts 
when he proved the trans- 
mission of Rocky Mountain 
spotted fever by the wood 
tick. At present, the rickettsial 
diseases of man fall into three 
groups: typhus fever, Rocky 
Mountain spotted fever, and 
tsutsugamushi. The _ last- 





that 


Fig.) °297: 


The organism 


named disease occurs in Japan, 
Malaya, and Sumatra. Rickett- 
siz depend upon the louse and 


causes pneumonia is a micrococcus 


called pneumococcus. These bac- 
teria have a capsule surrounding the 
organism. The large cells are poly- 


; . morphonuclear leucocytes. 
tick which are known as vectors. f 


Protozoa. — Protozoa are not bacteria; but they resemble 
bacteria in that some are harmless and others cause disease 
in man. While bacteria, as a rule, gain entrance directly into 
the body, protozoa like the rickettsia frequently depend upon 
some insect or other animal to act as an intermediate host. 
Thus by means of the host’s contact with man they transmit 
the disease. For instance the trypanosome (Fig. 299), which 
causes sleeping sickness, is carried by the tsetse fly. 

Some bacteria are transmitted by insects. The bacillus which 
causes bubonic plague is transmitted through the rat flea, and 
bedbugs have been held responsible in some cases for carry- 
ing the spirillum of relapsing fever and the bacillus of plague. 
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Courtesy, Radio Corporation of America 


Fig. 298. In this picture a bacterium and bacteriophage particles are 
enlarged 67,000 times by the electron microscope. Some bacteriophages 
are thought to be viruses. 


The housefly will carry on its feet great numbers of bacteria 
and many viruses (Fig. 300). It does not act here as a host 
for the purpose of giving life and development to the bacteria, 
however, but only as a carrier through contact. 

The importance of animals that act as carriers for micro- 
organisms is illustrated by the history of bubonic plague, a 
disease carried by the rat flea. It is reported that in the four- 
teenth century over 25,000,000 people died in Europe from 
this disease, which was known then as the Black Death. In 
the seventeenth century 70,000 died in London. From 1895 
to 1910 over 7,500,000 deaths occurred in India from plague. 


Fortunately in America we have evaded great damage from 
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plague, due to quarantine and 
other public health measures. 
There were outbreaks, notably in 
California, years ago. 
Malaria.—A good illustration 
of the way in which protozoa are 
carried by insects is provided by 
the study of malaria and mosqui- 
toes. The mosquito of a certain 
species serves as a host for the ae ; 
parasite. After the young are eg eee ae 
developed they are discharged Fig. 299. The trypanosome is 


‘ the cause of sleeping sickness, a 
through the salivary glands of the disease prevalent in certain parts 


mosquito as ic bites man, of Africa. The disease with the 

This particular mosquito is wholly different in its cause and 
called the anopheles (Fig. 301), "*™* 
and has at some time bitten a person having malaria. Preven- 
tion aims, therefore, to kill mosquitoes of this particular kind 
and to prevert the mosquito from biting a person with the 
disease. As the mosquito breeds in water, the breeding places 
of the insect should be destroyed. Stagnant pools and swamps 
should be covered with oil which kills the young. Empty cans 
on rubbish piles should be buried so that no water can collect 
in them. The insecticide known as DDT is effective in destroy- 
ing Mosquitoes. Mosquitoes may be stunned in the house 
by burning fresh leaves of eucalyptus or pyrethrum powder, 
and then killed before they revive. Persons in malarial regions 
and persons suffering from malaria should live in houses that 
are well screencd. 

A person does not get malaria from bad water, food, expo- 
sure to sun, night air, or in any way except from the bite of 
a mosquito which has sucked the blood of a person who has 
malaria. The mosquito alone serves to transmit the parasites 
which cause the disease, and they are transmitted in no other way. 
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When a mosquito, which has previously bitten a person 
having malaria, bites another person, the protozoa are conveyed 
into the blood of the second person. These parasites enter the 
red blood cells and de- 
velop and increase in 
number as shown in 
Figure 302. The female 
mosquito lays her eggs 
on the surface of stag- 
nant or still water, and 
in a few days these 
hatch into larve, often 
called ‘‘wigglers.”” The 
larvee develop into 
pupz and finally into 
mosquitoes. All stages 
in this development 
occur in water. The 





From Evans, “ Medical Science of Today” 


Fig. 300. The foot of a housefly has claws 
and hairs; these fine hairs have a sticky larve of ano pheles re- 


secretion to which bacteria adhere and are : f | 
carried to food on which the fly alights. quire from twelve tO 
sixteen days in warm 


weather to mature. These larvae may be distinguished from 
the larvze of other and harmless mosquitoes by the position 
they take in the water, for the anopheles live at the top of the 
water and parallel to its surface. 

The anopheles can best be destroyed by getting rid of them 
in the larval stage. All brush and weeds surrounding dwell- 
ing houses and mosquito breeding places should be cut down 
and swamps destroyed by draining, filling, or oiling. By drain- 
ing or filling, the water necessary for the deposit of eggs is 


he water, a thin film of oil is formed that 


removed; by oiling t d 
prevents the larvz from getting air and so they die. If oiling 


is the method chosen, it should be done every fourteen 


days. 
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The germ theory of disease. — Louis Pasteur, the great 
French scientist, made possible the modern understanding of 
disease and opened up the way for the treatment of many 





Fig. 301. These drawings give a comparison of — 


A. The non-malarial Genus Culex. B. The malarial Genus Anopheles. 

Palpi short. Palpi long. 

Wings not spotted. Wings sometimes spotted. 

Legs sometimes spotted. Legs not spotted. 

Position at rest, parallel to sur- Position at rest with abdomen 
face. and hind legs elevated at an 

angle to surface. 

Larva, or wiggle-tail, breathes, Larva, or wiggle-tail, is parallel 
and rests perpendicular to sur- to surface of water when it 
face of water. breathes. 


The sucking tube and feelers are long in both genera. The long palpi of 
the malarial genus furnish an infallible sign. The palpi are found on each 
side of the sucking tube. The feelers are next to the palpi. 


maladies that had caused scourges and plagues in the past. 
Robert Koch, a German physician, added much knowledge to 
the treatment of contagious diseases. He explained and dem- 


onstrated the “‘germ theory of infectious diseases” ma 


inly as 
follows: 


1. Each infectious disease is caused by microérganisms. 
These may be found in the tissues or fluids of the 
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body affected and the products from their growth are 
the poisonous agents which injure the body and give 
the symptoms of the disease. 


. For example, the cause of diphtheria is the diphtheria bacil- 
ius. The poisons from the growth of these bacteria in the 
throat give the symptoms of the disease. 





Fig. 302. The stages of the malaria parasite entering and ina red blood 
cell are as follows: a, entering the cell; b, within the cell; c-h, development 
and segmentation of the parasite; i, rupture of red cell setting young para- 
sites free; j, one of them entering a red cell. This process goes on with 
continual destruction of the red blood corpuscles until the parasites are 
killed by medical treatment. 


2. The specific microdrganism taken from one body and 
‘ntroduced into another body susceptible to the dis- 
ease, will produce in the second body the same dis- 


ease. 


Why do we have quarantine? During an epidemic of infan- 
tile paralysis in New York City, a mother fearing to take her 
child to a hospital left her home and traveled with the sick 
child to another part of the city. Why should she not have 
done this? Did she expose other children to the disease? 
Should she have been as thoughtful of other children as of her 


own child? 
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Why should two people not bite from the same apple? 

Antitoxins and immunity. — It is well known that one 
attack of smallpox makes it impossible or very difficult for 
that individual to have the same illness again. This is true in 
the main for all the communicable diseases. This protection 
against disease, which is called immunity, is due to the fact 
that the body manufactures protective substances to kill the 
toxins (poisons) produced by 
the bacteria. These protective 
substances are called antitoxins, 
and the individual is said to be 
immune. This is an active im- 
munity developed by the indi- 
vidual himself in the course 
of the disease. It is possible, 
however, to grow these sub- 





Couriesy of E. R. Squibb & Sons 


; Fig. 303. The serum of a horse 
stances in another animal and that has had diphtheria toxin is 


then use the serum from the Perini ieies ey” ee ee 
blood of the animal and inject 

it into man. This will give him a passive immunity to the 
threatened disease. This procedure is used extensively in 
diphtheria epidemics. 

Antitoxin. — This is the preparation secured by immunizing 
a horse against diphtheria. The horse is given injections of 
increasing amounts of diphtheria toxin, and as a result he 
develops protective substances in the blood that can be iso- 
lated from the blood plasma and used in man for treatment 
of the disease (Fig. 303). This protective serum from the 
blood of a horse is known as antitoxin. 

Schick Test. — Study of the protective qualities of the blood 
has revealed many interesting and valuable facts. Immunity 
after a disease led to the attempt to confer immunity arti- 
ficially with the hope of preventing the affection. This was 
successful in several diseases. It was later learned that per- 
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sons varied in the immunity they possessed against different 


maladies. 


It has long been observed that certain persons 


exposed to diphtheria never acquired it, while others so ex- 
posed came down with the disease. A test devised by Schick 
of Vienna and known as the Schick Test detects those who are 
susceptible. It consists in injecting into the skin a minute 


From Evans, “ Medical 
Science of Today” 


Fig. 304. This 
culture tube 
contains serum. 
The small white 
patches are 
masses of diph- 
theria bacilli 
which were 
grown in an 
incubator. 





amount of toxin. If the person is susceptible, 
a slight redness occurs at the site of the in- 
jection. 

Toxin-antitoxin and toxoid. —It has been 
learned that the toxins of disease stimu- 
late the cells to produce chemical substances 
that are opposed to toxins, that is, anti- 
toxins. After this was known, then steps 
were taken to devise a method of stimulat- 
ing this reaction in well persons to give them 
a protection against a possible later infection. 
In the case of diphtheria, toxin-antoxin was 
used at first, that is, diphtheria toxin to which 
diphtheria antitoxin had been added. Later, 
toxin that had been treated with formaldehyde 
was used. This was called toxoid. Today, 
the immunization of people against diphtheria 
is a fact. It is accomplished by the use of 
toxoid. 

A throat culture. — Bacteria have definite 
characteristics that serve as distinguishing 
marks. Some of the shapes ate so definite 
and peculiar that they may readily lead to 
identification on examination under a micfo- 


Other characteristics are shown in 


scope. 
In recognizing 


the way the bacteria grow. 
diphtheria, the appearance of the throat 1s 
suggestive of the trouble, but an accurate 
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diagnosis can be 
made only by taking 
some of the material 
of the throat on a 
sterile swab for labo- 
ratory examination. 
This is called a throat 
culture. Under the 
microscope the bacilli 
of diphtheria give a 
characteristic appear- 
ance (Fig. 292), and 
the manner of growth 
on appropriate cul- 
ture is also a sign of 
the kind of bacteria 
(Fig. 304). 

The Dick Test. — 
One of the advances 
in work along this 
line is the develop- 





Photo by Brown Brothers 
Fig. 305. This bronze in front of the Pasteur 
ment of the Dick Test Institute in Paris commemorates Pasteur’s 


ane fac successful vaccination against rabies in 1885. 
and the use of th€ It shows the shepherd boy Jean Baptiste 


scarlet fever  anti- joes wrestling with the rabid dog that bit 
. : im while he was protecting some younger 
toxin. The Dick children. Pasteur vaccinated him six days later 


ect owas developed and saved his life. Jupille was janitor of the 
: Pasteur Institute until his death in 1923. 
by two Americans, 


Drs. G. F. and G. H. Dick. It determines those who are 
susceptible to scarlet fever and makes possible the artificial 
protection of persons who are likely to acquire the disease. 
Treatment with antitoxin has been of tremendous help in 
Saving patients with scarlet fever from death. 

Vaccination for rabies (also called hydrophobia). — Due to 


the work of Pasteur (Fig. 305), it is now possible to prevent 


486 HEALTHFUL LIVING 


death from the bite of a mad dog by injection of the anti- 
rabitic vaccine. Every dog bite does not mean rabies, but 
when a dog bites a person, the dog should be locked up to 
see whether it shows the symptoms of madness. If the ani- 
mal does not develop rabies, then protection for the person 
attacked is not necessary. If, however, the dog becomes mad, 
it should be killed, and the person should be treated by the 
vaccine for rabies. 

Smallpox vaccination. — In 1776, E. Jenner of Berkeley, Eng- 
land, learned that the milkmaids of the shire considered acci- 
dental cowpox, caught while milking, a sure preventive of 
smallpox. Twenty years later he began to vaccinate with cow- 
pox material to prevent smallpox. Vaccination protects only 
for a few years. If exposed to smallpox, one should be vac- 
cinated, unless he has been vaccinated within the last few 
years. Arm to arm vaccination, practiced at one time, is never 
used now. The virus today is prepared from healthy calves, 
under the most rigid conditions as regards cleanliness and 
purity. Laboratories manufacturing the virus must meet stand- 
ards set up by the Federal government and their product must 
be submitted for testing by. government inspectors before it 
is put on the market. After vaccination, if the arm becomes 
very much swollen and disabled, it is a sign that bacteria have 
gained entrance to the wound. The greatest care to keep the 
vaccination clean and free from infection is therefore neces- 
sary. Some people are inclined to refuse vaccination for small- 
pox. Their argument is that there is no danger now and they 
do not wish to inconvenience themselves or run even the 
slightest risk. This is a very selfish attitude. There may be 
little danger today from smallpox, but this condition of safety 
has been obtained by the systematic vaccination of people. 
Only a selfish person would wish to derive security from the 
work and service of others and would refuse to contribute his 


share for the safety of all. 


BACTERIA, PROTOZOA, AND DISEASE 487 


Typhoid vaccination. — Typhoid vaccination has produced 
remarkable results in this respect also. Years ago in war, 
more soldiers died from typhoid than from bullets. Today 
in the armies of all great nations typhoid is practically 
unknown due to the use of typhoid vaccination. Such evi- 
dence is important. The history of civilization with its 
plagues, its Black Death and typhoid deaths in wars, proves 
by contrast the value of the preventive measures in use 
today. 

Injury of the body by poisons in food. — Food that is 
not protected undergoes decomposition and offers a field in 
which bacteria readily grow. 

Fish and shellfish. — Fish that is not fresh should not be 
eaten. The signs of freshness in a fish are firmness of the 
flesh, protruding eyes, and red gills. Mussels, oysters, and 
lobsters may produce serious illness unless absolutely fresh. 
Oysters are not in season during the summer, although if 
frozen foods are used oysters may be had at any time. 

Meat. — Animals that are ill should never be used for food. 
Spoiled meat is unwholesome and should not be eaten. Sau- 
sages and other made meats are less wholesome than fresh 
meats. 

Milk. — Cow’s milk is an important food in the United 
States. Infants unable to nurse are fed with cow’s milk modi- 
fied to meet their needs. After weaning, milk is an essential 
in the diet of children. Pregnant mothers also require a liberal 
quantity of milk so that the development of the baby will be 
normal with respect to certain structures and also as a measure 
of protection for the teeth of the mother. Moreover, milk is 
highly desirable in the diet of adults generally. 

It is important, therefore, to maintain healthy dairy herds, 
to gather the milk in a sanitary fashion, and to ke 
contamination until used. 
Animal Husbandry of the 


ep it from 
Due to the work of the Bureau of 
United States Department of Agti- 
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Photo by William F. Coxe 


Fig. 306. The cow’s flanks are cleaned by vacuum machine to remove dust 
and dirt. The udder is then washed preparatory to milking. 


culture there is practically no tuberculosis in the dairy herds 
of the nation. 

Milk is not always gathered in a sanitary manner. To fur- 
ther protect the public against the danger of bacteria that 
may be present in milk, pasteurization is used. In this process 
milk is heated from 150° to 155° F. for 20 to 30 minutes. 

In preventing the transmission of disease germs through 
milk, increasing emphasis 1s placed on the method of milking 
the cows. The dairyman should have clean pails and clean 
hands, and the flanks and the udder of the cow should be 
cleaned before milking. The farmer who takes the milk pail 
and, without washing his hands, milks the cow, is not getting 
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clean milk. Furthermore, he is 
neglecting a duty and a respon- 
sibility which he owes to his 
family and his neighbors. 

In the most modern dairies 
advanced methods are em- 
ployed to gecure clean milk. 
These methods are designed to 
keep the cow clean (Fig. 306), 
to prevent contamination of 
milk during the milking proc- 
ess (Fig. 307), and to handle 
the milk in a sanitary manner 
for distribution. Atthe Walker- 
Gordon dairy farm the roto- 
lactor (Fig. 308) is used. This 
machine has on a circular 
moving platform individual 





Fig. 308. The rotolactor machines 


cows. Notice the milk 








Courtesy of the Borden Co. 


Fig. 307. In advanced milking 
methods, the milk is gathered by a 
machine which is attached to the 
udder and which produces rhyth- 
mical sucking effects similar to 
to those produced by a calf. 





Courtesy of the Borden Co, 


vachi give a mechanical method of milking 
es t pouring into the glass receptac 
he quantity produced is measured in these tanks, 


le above each cow. 








Courtesy of Sheffield Farms Co. 


Fig. 309. Milk is now frequently bottled by machinery. In the left back- 
ground an attendant is shown supervising the bottle washer. In the center 
is the filling and capping machine. At the right two attendants inspect the 


product. 


- % A 
Courtesy of Sheffield Farms Co. 


ure shows modern sanitary methods of delivering milk. 


Fig. 310. This pict 
490 
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Courtesy of the Borden Co. 


Fig. 311. Milk is a very important human food. In this laboratory milk 


samples are thoroughly tested to insure purity and freedom from con- 
tamination. 


stalls in which the cows stand during the period of milking. 
The suction apparatus is attached to the udder of the cow by 
an attendant and the milk is drawn while the platform revolves. 

The milk should be kept clean after it is gathered. All 
bottles should be sterilized and the hands should not come 
in contact with the milk. The best method of bottling milk 
is by machinery (Fig. 309). Milk is sometimes sold in bulk 
from cans. Such milk, even if gathered carefully, is likely to 
be contaminated. 

Milk in bottles or paper cartons may be distributed directly 
to the consumer (Fig. 310) or sold through a grocer or other 
trade channel. If the bottled milk is pure when it leaves the 
dairy, it will be pure when it reaches the consumer (Fig. 311). 


Milk in bulk, however, may be contaminated many times. Its 
use is generally disapproved. 
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Injury of the body by physical agents. — The body may 
be injured by forces coming in contact with it from the out- 
side. These forces may be germs or they may be heat or 
chemical agents. The prevention of injury due to physical 
forces will be important and of value in maintaining our health. 

Heat exhaustion. — The main cause in this is heat. It may 
come from the sun or from a furnace. Individuals who in- 
dulge in alcohol are easily attacked. It occurs often in armies 
on the march. Clothing fit only for cold weather worn on 
hot days predisposes one to heat exhaustion. 

Sunstroke. — This condition is caused by the sun’s rays. 
Care must be taken not to expose the body to too great heat 
of the sun. The clothing in hot weather should be light and 
loose. Alcohol in any form lowers the resistance so much 
that sunstroke easily occurs in persons who use it. 

Electricity. — Great electrical plants, used in industry, are 
a source of danger. Individuals should not go near these 
machines unless engaged in caring for them. In no case 
should one enter a dynamo room with wet clothing on. Elec- 
tric wires and connections in the home should be insulated, 
and repairs should always be made by an electrician. 

Mountain sickness. — When coming into a mountainous re- 
gion from low altitude, care should be taken not to engage 
in mountain climbing the first day. Time is necessary for 
adjustment of the body to the new conditions. Mountain 
climbing should be engaged in only by the vigorous and strong. 

Caisson disease. — Men who work underground in tunnels 
and mines in an air of high pressure suffer cramps and paraly- 
sis on emerging into the air above ground unless the ascent 1S 
very gradual. Laws in some states compel employers to control 
this change. But for such workers it is very important to 
know that ‘bad physical health, diseases of the kidneys or 
heart, alcoholism, obesity, and hunger are contra-indications 
for subjecting oneself to the high atmospheric pressure.” 
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Injury of the body by chemical agents. — Chemicals, 
when brought in contract with the skin, may burn it, and when 
taken into the system they injure the body cells. . 

Lead poisoning. — Alcoholism again plays a prominent part 
in increasing the susceptibility to lead poisoning. Lack of 
cleanliness is also to be considered, and workers in industries 
where lead is used should have the hands clean when food is 
eaten. There is a popular tradition among lead workers that 
chewing tobacco is a preventive of the disease but this is not 
sO. 

The most dangerous trades connected with the use of lead 
are lead mining and smelting, zinc smelting, working in white 
lead and lead colors, making lead pipes and other lead objects, 
type making and type setting, and working in electric storage- 
battery factories. Painters and workers in ceramics and rub- 
ber goods frequently suffer from the lead used in manufac- 
ture, if they are not careful. Cleanliness and avoidance of 
alcohol are the things to be remembered by these workers. 

Other poiso::0us metals. — Mercury, phosphorus, tin, copper, 
brass, and zinc poisoning occur among workers with these 
metals. Pure air in the factory, sanitary floors and windows, 
cleanliness in the worker, avoidance of alcohol — these are the 
measures for prevention. 

Prevention of communicable diseases. — Many of the 
diseases of the body are caused by the bacteria, viruses, 
rickettsiz, or protozoa of the disease gaining entrance to the 
body. If the entrance can be prevented, the disease will be 
prevented. In the case of smallpox and in certain localities, 
typhoid, the best way at present to prevent the disease is vac- 
cination, because we are not very skillful yet in preventing 
the entrance of the agents of these two diseases. To prevent 
the entrance of organisms we should consider: 

Cleanliness of the mouth. —'The teeth must be kept clean by 
brushing at least twice daily. All cavities must be filled. 
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Since the mouth is a frequent gateway used by microérgan- 
isms to gain entrance to the body, its protection is exceedingly 
important. Keeping the fingers out of the mouth and indeed 
keeping out all objects except those that belong there are im- 
portant habits to form. In addition, the tonsils should be 
either removed or maintained in health as they are a common 
source of general infection. 

Drinking water. — The water used for drinking should be 
pure. Pure drinking water is tasteless, odorless, sparkling, 
without organic matter, and without disease germs. 

Clean food. — Food taken into the body should be clean. 
People should never eat at dirty restaurants. If restaurants 
were chosen on the basis of cleanliness, by all people, there 
would not be any dirty ones left — they would have to ‘‘clean up” 
or “get out.” Children in the cities should not buy food from 
street venders who expose their food to dust and dirt and flies. 

Care of the bowels. —The waste of the body should be re- 
moved daily and regularly. The best time for this elimination 
to occur is after breakfast. In general, a person should have a 
bowel movement once or twice daily. If diet, drink, exercise, 
and general hygiene are satisfactory, this function will go on 
without voluntary direction. Many persons give undue atten- 
tion to the matter. They worry and fret about a process that 
is normally an involuntary act. Such behavior interferes with 
the function, produces tension in the colon, and may be a 
factor in constipation. These persons should forget the 
bowels, attend to the hygiene of eating, drinking, and exer- 
cising; nature will care for elimination. 

Bathing. — Keep the hands clean. Always wash the hands before 
eating and always after going to the toilet. This is one of the 
most important health rules for the prevention of disease. The 
body should be bathed daily in certain parts, and the entire 
body should be washed at least once a week. A shower bath 
is the most sanitary form of bath. 
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Sleeping. —One should be accustomed to fresh air and, 
therefore, open windows at night are very important. Even in 
cold weather the window of the sleeping room should be 
partly open. The number of hours of sleep which children of 
different ages should have are given on page 398. 

Destroy the agents of disease. — At some time, during the 
course of a communicable disease, the excretions of the body 
may contain the organisms that cause the disease. Thus, 
in typhoid fever the excreta from the bowel and at times the 
urinary excretion, will show typhoid bacilli. In cases charac- 
terized by respiratory symptoms, such as cough, sore throat, 
and running nose, the nasal and mouth secretions frequently 
contain the active agents of the disease. For these reasons, 
the secretions and excretions of the sick should be destroyed. 
Methods of destroying these organisms are described on 
pages 499-500- 

It should be remembered, also, that animals and insects 
may carry the agents of disease. Flies may carry on their feet 
the organisms of cholera, diphtheria, tuberculosis, and typhoid 
fever. Mosquitoes act as the host for the protozoa of malaria. 
Dogs are susceptible to the disease rabies (hydrophobia) and 
if suffering from the disease, may transmit it to man. For 
these reasons, dogs should be muzzled; and flies and mosqui- 
toes should be destroyed. 

There was developed during World War II an insecticide 
that is most effective. It is called DDT. Its use by the Army, 
together with certain experiments, promises great advantages 
in civilian life. 

Vaccination. — Protection against communicable disease 
may be secured for smallpox (Fig. 312), typhoid, diphtheria, 
and scarlet fever. Immunity against whooping cough is now 
being studied with quite promising results. These measures 
should be employed as required. It is absolutely essential 
that all persons be vaccinated against smallpox; there is no 
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other known preventive. If the sanitary conditions of a com- 
munity are excellent, vaccination against typhoid is not neces- 
sary, although sani- 
tation alone may fail 
to protect the person. 
Protection of chil- 
dren from diphtheria 
by the use of toxin- 
antitoxin is desir- 
able, and vaccination 
may be given also for 


Fig. 313. A shows germ destroyed by white scarlet fever. 
blood cell; B, cell destroyed by germs and germs How bacteria are 
multiplying. 





destroyed within 
the body. — If, in spite of keeping the body in a splendid 
condition of health, virulent bacteria gain an entrance to the 
body, even then the body is often able to defend itself suc- 
cessfully by two forces at its disposal: 

To begin with, it is the chief function of the white blood 
cells to seek out bacteria and to devour and destroy them. 
This explains why so many bacteria are necessary to transmit a 
disease. If only a few are present, these cells will be able to pro- 
tect the body. If the infection is too great, oF if the infecting 
bacteria are too virulent, then these cells may fail (Fig.:313). 

In the second place, the plasma of the blood contains sub- 
stances which are able in some way not fully known to inhibit 
the action of bacteria. These substances are called antibodies 
and are developed by the body during the course of the infec- 
tion. It is to be noted that these defenses ate dependent in a 
very definite way upon the general health of the body for suc- 
cess, as the action of these cells is more pronounced in one 
of vigorous physical condition. It is perfectly true that many 
bacteria seem to be harmless under certain conditions, but, if 
they find a weakened condition, they seem to change their 
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nature and begin the formation of toxins. Disease occurs then 

in a large measure because people do not care for themselves 
roperly. 

; ae and other germs may be destroyed in the body 

by certain drugs employed by the physician. Recently, great 
success has been achieved with penicillin, streptomycin, 

and the sulfa drugs. 

How bacteria are destroyed outside the body. — The 
sun is the great destroyer of all bacteria in summer and in 
tropical climates. Cold destroys them in winter and in cold 
climates. Wind drives away bacteria. It is almost impossible 
to transmit disease in the open air. 

Cleaning with soap and water removes many organisms. 
Drying kills many, but some species are harder to kill when 
dry; in that condition they will stand even freezing. Heat 
equal to that of boiling water, applied for fifteen minutes, will 
kill almost every kind of bacterium. If the organisms are 
killed by a boiling temperature it does no harm to leave air 
in the top of canned vegetables and jars of preserves. Milk is 
a nourishing soil for bacteria and will cause digestive troubles 
with bottle-fed babies, unless the milk has been pasteurized 
and the bottles sterilized. 

Disinfection. — For many years it was common practice to 
disinfect the rooms of people recovering from communicable 
diseases, such as measles and diphtheria. The idea expressed 
in such a procedure was to kill the organisms that were in the 
room inhabited by the sick person. In Providence, R. I., New 
York City, and other advanced cities this practice has been 
abandoned, and health officers are paying more attention to 
cleanliness by soap and water. It is true that any article that 
has come in immediate contact with the sick person, as uten- 
sils, books, toys and personal articles, should be disinfected 
at the end of the communicable disease. Bed clothing and 
similar materials should be boiled for fifteen minutes. Other 
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articles should be exposed to the direct rays of the sun after 
thorough washing with soap and water. The danger of con- 
tinuing the usual practice of terminal disinfection is that it 
places the emphasis in the wrong place and makes people 
believe that the real danger lies in the room and its hangings. 
The greatest danger lies in coming in contact with the person 
having the disease and allowing that person to cough or 
breathe in your face. Doctors and nurses generally escape the 
communicable diseases because they are very careful about 
washing their hands and protecting themselves from coughs. 
We shall not fear infections when we are intelligent enough 
to avoid the real dangers and do not allow ourselves to be 
deluded by a false security. 

Antiseptics. — There is a considerable interest today in pre- 
venting disease and many people are impressed with the large 
number of antiseptics on the market. Everything on the mar- 
ket used by people in a personal way claims some particular 
antiseptic feature. Tooth powders, shaving soaps, gargles, 
and numerous other articles claim this feature. Now, the im- 
portant thing for us to remember is that the antiseptic day 
has passed and we are living in an age that is emphasizing the 
aseptic feature in both sanitation and surgery. Today, surgeons 
do not employ antiseptics as formerly in the care of wounds, 
they emphasize aseptic measures and keep the wound clean 
It is true that badly infected wounds are treated by antiseptics, 
but physicians and sanitarians today depend upon cleanliness 
and isolation of the sick person, and pay scant attention to 
antiseptics and disinfectants. The modern method in house- 
keeping is to keep the house clean and avoid the spring house 
cleaning; the modern method in disease prevention is to keep 
the sick isolated from the well and to keep the sick and the 
well clean, rather than to wait and then try to kill the organ- 
isms of disease after dirty habits of living have allowed severe 


infections to occur. 
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Curious theories of disease. — There is an artless theory, 
common among unlettered people, which holds that disease 
is a distinct thing, and that when God made the various dis- 
eases, He made plants to grow, each of which contains the 
infallible remedy for one of the diseases. Such persons when 
they are ill, and after various treatments remain ill, cherish the 
firm conviction that if they could only find the right remedy 
that is growing in some plant, somewhere in the world, they 
would immediately be cured, without any attention to hygiene 
and the conditions necessary to health and its recovery. 
Patent medicine venders particularly foster this idea, although 
each one illogically adds that his medicine will cure all dis- 
eases indiscriminately. 

This simple theory is opposed to all the facts. The poisons 
in plants are waste products that the plant seeks to remove. 
They are, therefore, found mostly in the parts of the plant 
that will be shed, as the leaves, seeds, and bark. The poisons 
serve meanwhile to protect the plant from animals. The only 
animals (besides man) that will touch the tobacco plant are 
the goat and the tobacco worm; their bodies seem to have 
become used to the poison. No sick cat eats nightshade, no 
sick cow eats jimson weed. The very bitter or repulsive taste 
of most poisons shows them to be unsuited to the animal 
body. No child would drink a liquid containing the bitter 
alkaloid caffeine unless it were influenced by the example of 
its elders and the bitter taste were dis guised with milk and sugar. 

There are many other curious theories of disease. We have 
become civilized enough not to look upon disease as caused 
by evil spirits nor as punishment of man for sin. Because of 
worry and unhappiness some persons find relief from their 
troubles by accepting different forms of mental healing. They 
believe that if they cease to worry and instead think properly, 
their pains and disabilities will disappear as the mist in the 
morning sun. Though such belief may help them overcome 
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imaginary disturbances, the tragedy of their case is revealed 
when they continue to rely upon “thought” in cancer and 
“psychology” in tuberculosis. To know thyself, to find the 
truth, to live at one’s best — these are the guides against 
disease. 

Ignorance and disease. — Many persons suffer from un- 
necessary sickness because they are uninformed regarding the 
nature of disease and the proper means of treatment. Dr. I. D. 
Rawlings, former state health director of Illinois, reports the 
results of a survey made by a member of the Illinois State 
Academy of Science. 

“The survey showed,” said Dr. Rawlings, “that 19 per cent 
of the pupils believe that a ‘mad stone’ will prevent hydro- 
phobia if applied to a wound created by the bite of a rabid 
dog; 26 per cent believe that warts can be removed from the 
hands through a series of mysterious maneuvers on the part 
of certain persons called charmers; 60 per cent believe that 
malaria is caused by drinking stagnant or swampy water con- 
taminated in some mysterious way; 23 per cent believe that a 
horse hair, when left in a watering trough or swallowed, will 
be converted into a snake-like disease-producing worm. Other 
questions related to hoop snakes, the influence of the moon 
on vegetable growth, and similar superstitions. 

“Doubtless a number of the pupils still believe in a red 
flannel undershirt and a string of asafetida about the neck as 
a preventive of disease, the rabbit foot and horseshoe as good 
luck charms and the signs of the zodiac as exercising a fateful 
influence over animal life. These beliefs have come to the 
youth through the teachings of tradition. Certainly we can- 
not expect to go very far with individual, health-promoting 
measures with those persons whose minds are filled with such 
primitive notions about cause and effect. 7" 

“The superstitious and the mentally lazy are the vicuums 


upon whom quacks and nostrum venders fatten. People who 
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expose themselves to the most primary knowledge about 
biology, chemistry, and medicine are too ee to part wutly 
good money in return for quackery and ‘cure-all’ nostrums. 

It is this lack of scientific 
information that makes pos- 
sible the sale of all sorts of 
frauds in the form of patent 
medicines and various elec- 
trical devices for the treat- 
ment of disease. Such 
conduct is as superstitious as 
that of the peasant Chinese, 
who diagnose disease and 
prophesy on its course by 
feeling the pulse with three 
fingers (Fig. 314). In the 
first chapter of this book, the _Fig. 314. The Chinese method of 

: ‘ : diagnosis by feeling the pulse is not 
relationship of science and  <cientific. 
ideals was irdicated. Read 
the first chapter again and then in the light of your study 
of this text, see if you can answer the following questions 
correctly: 





1. There are numerous preparations on the market claiming to 
cure deafness by putting drops in the ear. What would be your 
judgment of the value of such preparations in disturbed function 
of the middle and inner ear? Explain your answer. 

2. A certain man many years ago claimed that he had cured the 
deafness of Prince Don Jaime of Spain. The booklet distributed by 
this man described how he cured deafness. With the patient under 
nitrous oxide gas anesthesia, he claimed to reconstruct with his 
fingers the Eustachian tubes. Do you know whether or not Don 
Jaime was cured? Of what value as evidence is such a claim ? 
What is your opinion of the “reconstructing” of the Eustachian 
tubes by the use of the fingers? Explain your answers. 
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au A certain patent medicine claimed on the package to be “A 
Natural Tropical Herb for the Treatment of Diabetes.” This 
medicine was supposed to have been discovered by a a who 
learned from a native of the tropics of the existence of an “herb 
that would cure diabetes.” What are the possibilities that an 
ignorant native of the tropical jungles would know the cure for a 
disease which for years had baffled all the scientists workin 
to this end? F 

4, State the points which you consider to be important in judging 
patent medicines. Arrange these in the form of questions, and 
include the items employed in the advertising of patent ried 
for example, testimonials, miraculous cures, free treatments offered 
promises of immediate results, etc. fe 


FACTS TO REVIEW 


1. What is the parable of the sower? [Illustrate this with 
reference to the life of microscopic animals that gain entrance to 


the body. 
2. What are the distinctions between bacteria, viruses, rickettsie, 


and protozoa? 
3. What are pathogenic bacteria? Name the different varieties 


of shapes among bacteria. 
4. What are the several ways that typhoid bacilli may entet 


the body? Tubercle bacilli? 
5. Under what conditions do bacteria multiply? What restrains 


them? 

6. Explain what happens in the body to cause “ptomaine 
poisoning. 

7. Would it be possible for the bacilli of typhoid fever to 
cause the disease typhoid fever by gaining entrance to the body 
through the use of ice in drinking water that had been harvested 
from a lake containing typhoid bacilli? 

8. What is the cause of tuberculosis? Do you know of any 
reason to lead you to believe that tuberculosis can be cured by 
electrical treatments? Because an advertisement claims to cure 
tuberculosis by a special method of treatment is that a valid reason 
for believing the advertisement? What reservations would you 


wish to make in such an instance? 
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9, What are the sources that you would consult with reference 

to the cure of different diseases? Explain your answer. 

10. Malaria at one time was supposed to be due to “bad air.” 
In fact, the name of the condition is derived from that belief. What 
would you think of a statement that malaria was due to “‘bad air’’? 
To what is malaria due? 

11. How may malaria be prevented? Explain your answer in 
detail. 

12. Discuss the theory of disease as demonstrated by Robert 
Koch. 

13. Explain the action of diphtheria antitoxin. Is it a recognized 
preventive? What is toxoid? 

14. Who is responsible for the discovery of a vaccination for 
gabies? What other scientific contributions did this scientist make? 

15. Why do you believe or not believe in vaccination against 
smallpox? Against typhoid? 

16. Discuss the precautions that should be taken to prevent 
injury to the body by poisons in such foods as fish and meat. 

17. What are the main points in the sanitary production, han- 
dling, and distribution of milk? 

18. How can lead poisoning be prevented? 

19. What precautions should be taken if one has to work in 
the hot sun? 

20. Why should one not enter an electric light power plant with 
wet clothing on? What is caisson disease? 

21. What are the important items in the prevention of com- 
municable disease? What is the germ theory of disease based on? 

22. What are the dangers of acting as if you believed in super- 
Stitious things? 

23. Why is it important to cover your nose and mouth with a 
handkerchief when you sneeze? 

24. Why should you wash the hands before eating ? 

25. Are bacteria destroyed within the body? 

26. Is it possible to prevent infection? Give the main points in 
prevention of wound infections and respiratory infections. 


QUESTIONS TO THINK ABOUT 


1. If food is boiled before canning, 


what explanation could 
there be for its spoilage? : 
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2. Nature immunizes man in the course of a disease or else 
he dies. Science attempts to immunize man artificially and suc- 
ceeds marvelously. What means of curing disease are used by 
those who believe that disease is due to evil spirits, or to eating 
meat, or to dislocated vertebrz? 

3. What are the several ways of preventing disease? Explain 
fully. How many of these do you endorse and follow? 

4. Should you wet your finger with your tongue to turn the 
pages of a book? Why? 

5. What would you prefer to use for destroying microérgan- 
isms: disinfectants or antiseptics? 

6. Why should a person with a ‘“‘cold’” keep away from other 
people? 

7. Do you take reasonable care to see that your food is fresh? 
Is this important? Can ill health result from decayed food? 

8. What diseases may flies carry? How is your home protected 
against flies? 

9. How many hours a night do you sleep? Does it satisfy 
the requirement? What is the requirement for your age? 

10. Do you sleep at night with your windows open? In winter? 
11. Is cleanliness of value in the home? How much more 
valuable is it in the person? 


INTERESTING THINGS TO DO 


1. Make a list of the diseases for which there is a known cause. 


List also the cause. 
2. Ask the school physician to demonstrate before the class the 


vaccination procedure against smallpox. Ask him questions about 


its efficacy. 
3, Ask the school nurse to demonstrate before the class how to 


handle a bandage so it will be kept aseptic. This is a part of surgical 


technique. 
4, Ask the biology teacher to demonstrate before the class a 


culture of bacteria. 
5. Ask the school physician to demonstrate how a throat culture 


is taken. 
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CHAPTER XXII 
THE EFFECT OF ALCOHOL AND TOBACCO 


The body as a storehouse of energy 
The meaning of fatigue 
The effect of stimulants on energy and nerves 
Artificial stimulants 
Natural stimulants 
Alcohol 
Alcohol as a food 
Alcohol as a poison 
Alcohol and racial effects 
Summary of the effects of alcohol 
Tobacco 
General effects of tobacco 
The effects of tobacco upon youth 


The body as a storehouse of energy. — Succi, an Italian, 
successfully accomplished a fast of fifty days in London, being 
constantly watched to make sure of his fasting. There is re- 
ported, on good authority, a case of an insane person who 
suddenly became possessed by the idea of taking no food, 
and who lived sixty days before starving to death. Long fasts 
are a great injury to the body, no doubt, but what can be 
learned from such experiences? Certainly it shows the wisdom 
with which we are made and that our physical organization 
is very provident. 

Once some miners were shut in by the caving in of part of 
the mine. But unlike the cases mentioned above they were 
without water as well as food. When, by digging, the rescuers 


reached them seven days after, several were still found alive, 
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although most of them had succumbed. The miners, no 
doubt, had nourishment in their bodies for some weeks more 
of life, but the necessary solvent in the form of water was 
lacking to dissolve it and bring it within the reach of the cells 
most needing it. 
This fact concerning the amount of nourishment stored in 
the human body (in one case a two months’ supply) is one 
of the most stupendous facts with which the science of physi- 
ology has to deal, and it should be borne in mind, or we may 
greatly deceive ourselves about some very simple matters. 
Did you ever get so tired that you had to give up and stop 
however much you would have liked to continue at work or 
play? To rest was the wise thing to do. Now, although you 
learn from physiology how much energy you have stored up 
within your frame, you should not on that account be tempted 
to go on until you almost break down. Probably you know 
people who are conceited about their bodies and say they are 
made of cast iron; nothing can hurt them. Did you ever know 
anybody who was conceited about his mind and thought he 
was very bright? It is just as foolish to be conceited about 
the body. It is a very wise arrangement that under ordinary 
conditions we cannot easily use all the surplus energy we 
have. We are compelled to be provident, as it were; yet stimu- 
lants and narcotics, by irritating the cells, will cause them to 
expend some of this reserve energy; they will enable man to 
get at this precious store which he should save for emergen- 
cies, such as a period of sickness when he cannot digest food, 
or some time when he is making some mighty effort. This 
reserve energy will enable him to undergo some trying ordeal 
successfully. Did you ever know of a weak, sick man who 
had eaten very little for weeks, yet was so powerful that it 
took several strong men to hold him? This sometimes hap- 
pens in the case of sick men who are delirious and crazed with 
pain and the poisons formed in their bodies during illness. 
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ero is fatigue. -— Suppose you are tired or ex- 
: gue depresses you, and you feel discouraged. 
What ought you to do? Why, rest, of course, and you will 
eat ae a oon oa This seems very simple, yet some 
Sai Sats a . _ a but take an alcoholic beverage or 

Soe p them from feeling tired when they 
are tired. If you have been working hard preparing for exami- 
nations, Of gathering hay, or attending to some important 
business, or have been under the excitement of some pleasure 
trip, and feel tired and worn out, then bear the result like a 
man, or like a true boy or girl, as the case may be. Giving up 
for a while, or ‘‘sticking it out’ with the blues, or losing a 
little time from business will not hurt you but will make you 
strong, while a stimulant would leave you less of a man than 
before. 

There is only one source of energy for man’s body, and 
that is the union of food and oxygen. Man must get energy 
from the same source that the engine does, and that is from 
his food, which serves as fuel, and the oxygen that burns it. 
The millions of little workers, the cells, will store up food 
within themselves and get rid of the ashes and refuse, and 
the pure, sound body will be ready for work again. 

The effect of stimulants on energy and nerves. Artifi- 
cial stimulants. — You remember those wonderful little one- 
celled animals, the amoebas. If poison is brought near, they 
will try to escape it. They also throw out the impurities gen- 
erated by sheir own life processes. If anything touches one 
roughly, it will draw back from the danger. Likewise, if a 
man takes poison, such as alcohol or tobacco, into his body, 
the cells will try to throw it off. The heart, although it may 
be already tired, goes to thumping anew, secretions are poured 
out by the cells to dilute and weaken the poison, and the 
rreat activity excited diverts the man from noticing his fatigue, 
and makes him think the poison has given him renewed 
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strength. It is the same as if he thought the whip ne . 
the oats gave the horse strength. The horse, like the ce s 
the body, is only trying to avoid something harmful, and like 
them, he uses up his strength in so doing. After a while he 
will be very stiff and tired. There is no artificial stimulant that 
does not cause a reaction. The stronger the stimulant, the 
worse the poison. Strychnine is one of the deadliest poisons 
known, and also one of the most powerful stimulants. If an 
animal is given strychnine, its nerve tissue is sometimes re- 
duced to such an irritable condition that a loud sound, or 
merely touching any part of it, will throw every muscle of its 
body into a spasm. . 

Some people are coffee topers and tea topers. It is a mis- 
take to say these drinks quiet the nerves. Who is so nervous 
as the old lady who drinks frequent cups of tea to quiet her 
nerves? It is the tea that is making her nerves unsteady. Some 
people unaccustomed to tea will lie awake most of the night, 
wearing out their energies by sleeplessness if they drink only 
one cup of ir. 

It is easy to understand how a person sitting up with a 
friend who is dangerously ill will take tea or coffee to keep 
him wide awake. If he has some great duty to perform, or 
trust imposed upon him that will soon be over, there may 
possibly be some reason in stimulating his activities, even if 
he must suffer reaction and depression thereafter, But why 
one will habitually disturb his body with narcotics, such as 
alcohol and tobacco, or even mild stimulants, such as tea and 
coffee, so as always to keep his vital force and reserve energy 
at a low ebb, is difficult to understand. It can only be ex- 
plained by ignorance of the fundamental laws of his being. 

Natural stimulants. — The chief natural stimulants are cold 
air, sunlight, pure air, physical exercise, interest, joy, and 
other wholesome emotions, A deep breath of pure air is a 
Detter stimulant than a glass of beer; climbing a hill or sawing 
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a log of wood will make the blood flow faster than an alco- 
holic drink will; a pleasant talk with a friend is a better seda- 
tive than a cigar; a cold day will steady the nerves better than 
an opiate; a trust that a good Power rules over all will drive 
away worry quicker than cocaine; a cool bath will bring stead- 
ier nerves than coffee; a cold wind will give a better appetite 
than food soured with vinegar or hot with pepper. Natural 
stimulants do not produce a reaction because they do not 
excite the body to an injurious degree, nor cause the energies 
to be consumed beyond the danger point. Persons who go 
through life under the stimulus of these natural blessings 
have sound steady nerves and clear brains. They do not have 
to take anything “‘to quiet their nerves.” 

Man’s body was beneficently designed to keep a large 
amount of energy stored up, so that he can feel conscious 
of his power and go through life buoyantly and happily, and 
prepared for all emergencies — the highest being in the world 
that he inhabits. He is in a world full of interest. Delicious 
fruits and nutritious nuts and grains abound to awaken and 
satisfy his appetite. The bright sun not only shines upon 
his skin, but deep into it, and stimulates the cells; the fresh 
breezes striking his nerves start currents coursing through his 
body. The pleasure of association with his fellow-creatures, 
and various other pleasures, arouse him to do his part in the 
world. There is no need to seek in the jungle for some bitter 
berry, or among the weeds for some nauseating leaf, or among 
decaying apples or grapes or fermenting grain for a burning 
and revolting liquid in order to stir his being to action. 

Alcohol. — After a rapid increase in prohibition in the 
United States, Congress in 1917 passed an amendment to the 
Constitution submitting the question of national prohibition 
to the state legislatures. By 1919, forty-five state legislatures 
had ratified the amendment. On January 16, 1920, the Eight- 
eenth Amendment to the Constitution became the law of the 
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land. Later Congress passed the Volstead Act which defined 
the term ‘“‘intoxicating liquor’’ to include all drinks that con- 
tained over one half of 1 per cent of alcohol. On December 5, 
1933, the amendment was repealed. . 

It is a well-recognized fact that social legislation ultimately 
depends upon an enlightened public opinion. Uo of 
course, all laws are the expression of the people’s will. In 
this fortunate circumstance public opinion comes first and 
laws follow. 

Unfortunately the sound educational effort that had led 
numerous people to appreciate the individual and social dam- 
age of intemperance was abandoned. National prohibition by 
legal enactment had been achieved and the efforts of those in 
control were centered upon enforcement rather than upon 
continued education. This abandonment of education about 
alcohol is one of the factors in the failure of prohibition. 

This legislation, nevertheless, sought to improve society 
and many earnest and high-minded persons supported it. 
Over a period of some ten years’ trial, grave doubts arose 
regarding the effect of the amendment, but no doubts at any 
time have been cast upon the fact that injury results from an 
intemperate use of alcohol. 

At times foolish statements are made regarding the value of 
alcohol; one ridiculous notion is that alcohol is a food. 

Alcohol as a food. — When alcohol is taken, about ninety- 
five per cent of it is oxidized and changed into carbon dioxide 
and water. This fact, which was found out many years ago, 
raised the question as to whether it should be classed as a 
food. Investigations were made, and the result was that 
alcohol was classed with the poisons and not as food. The 
question has been reopened several times in the last half. 
century, but always with the same result. Scientific men gen- 
erally continue to classify it as a poison and not as a food. 
Morphine and other dangerous poisons are oxidized in the 
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body and yield up their energy, yet they are recognized as 
poisons. A substance cannot be classified as a food simply 
because it is oxidized in the body. 

Leading scientists define a food as a substance which nour- 
ishes the body without injuring it. 

Sugar is a food, but a solution of sugar can undergo a 
change caused by the growth of millions of yeast plants and 
the food is lost. The change is called fermentation; alcohol 
is one of the products of this process of fermentation. 

The condition of the body after it has oxidized alcohol is 
quite different from its condition after it has oxidized sugar 
or bread. Benzine is very easily oxidized. If poured upon the 
fire of a locomotive, it would make the water boil so rapidly 
that there would be danger of straining or bursting the boiler. 
It would burn so rapidly as almost to make an explosion, 
and a very large part of the heat caused by the oxidation would 
be lost. A stove needs a slower-burning substance than gun- 
powder or benzine. A locomotive needs a slow-burning fuel 
which will develop heat at such a rate that it will be possible 
to utilize it. The body needs even slower-burning substances 
than the locomotive, such as sugar, starch, and fat; not a 
more rapidly burning substance, such as alcohol, which in 
burning will weaken the tissues and shock and injure the deli- 
cate cells of the one who drinks it. In the chapter on the 
blood, it was learned that alcohol does not even cause a gain 
of heat in the end, since the paralysis of the capillaries result- 
ing from a drink causes the warmth to be taken to the surface 
and escape, so that the body is cooler than before the drink. 

True food does not burn in the blood; it is stored in the 
cells in the form of very unstable compounds. These com- 
pounds break down under the stimulus of internal secretions 
and nerve impulses, and set free energy. The cells of the 
nerves and muscles correspond to the furnace and steam chest 
of the engine. Suppose, instead of pouring benzine into the 
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furnace, you burned it in the cab or the smokestack. Do you 
think it would increase the power of the locomotive? Alcohol 
is not stored in the cells, nor does it enter into combination 
to form the energy compound, the breaking down of which 
sets free the energy stored up. Alcohol burns quickly after 
entering the body; a large part of it, indeed, never gets beyond 
the liver, and is burnt in this long-suffering organ. But some 
of it gets into the general circulation, and is distributed 
throughout the body, irritating the nerve cells and poisoning 
them and every other tissue. 

Alcohol may not be considered a food, therefore, because 
it is not a tissue builder, as are the proteins, and it is not 
stored in the body, as are the fats. In addition, since it has 
a toxic action, it injures the body when taken in excess. This 
may be the case with other foods, but they give warning when 
taken in excess. Alcohol as a food is exceedingly expensive. 
Dr. Woods Hutchinson has said, “As a food, alcohol is a joke 
and a bad joke at that.” 

Alcohol a: a poison. — C. F. Hodge, while at Clark University, 
made a series of experiments upon four kittens. Moderate 
non-intoxicant doses of alcohol were given daily to two of 
them. The purring and playfulness of the kittens dosed with 
alcohol gradually disappeared. At the end of ten days, they 
took severe colds. They were dwarfed in growth to 59 and 
63 per cent, respectively, as compared with the others. 

Decreased physical efficiency. — In Dr. Hodge’s opinion 
the foregoing experiments have direct bearing on the question 
of the effect of alcohol on the human system. The experi- 
ments proved that alcohol causes depression of activity. For man 
the highest aim is to develop useful activity, the determina- 
tion to do as much of the world’s necessary work as he is 
capable of doing, and to maintain a sound, vigorous body to 
enable him to carry out such determination. It is of the 
utmost importance, as you can readily comprehend, that we 
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understand the conditions of our physical systems under which 
this great end can best be attained. 

General Wolseley, of the British Army, found on experi- 
ment that those who did not receive alcohol were ‘‘fresher, 
livelier, and marched better than those that had alcohol.’ An 
experiment on typesetters in Germany showed that those who 
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Fig. 315. Height of columns represents the number of figures learned 
each day. Increase from day to day on abstinent days shows the gains made 
by practice. Decrease on fifth and sixth days was due to temporary illness; 
and on the sixth day one dose of alcohol was taken. The dotted line from 
the fourth to the twenty-fifth day shows the normal rate of increase. Alco- 
hol about equal to that in from two to four glasses of beer (40.80 g.) was 
taken on the alcohol days. The memorizing was done eight or ten hours 
after taking the alcohol. Amount of work done on the twelfth alcohol day 
was about 70 per cent less than it should have been, and was even less than 


was done on the first day. 














drank daily three fourths of a tumbler of wine were much less 
efficient than abstainers. Their work decreased on an average 
of nine per cent. This means not only that the man could not 
do as much work, but also that his earning power would be 
less. On page 70 is shown how alcohol affected mountain 
climbing. 

Decreased mental efficiency. — Memory is a very valuable 
of mind, and a good memory is not to be lost with- 


It has been shown in experiments that seventy perf 
ures was done when using 


quality 
out regret. 
cent less work in memorizing fig 
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alcohol (Fig. 315). Professor R. Vogt in Germany showed in 
many experiments that the taking of one to three glasses of 
beer interfered with the memory process; that it took on the 
average eighteen per cent longer to learn lines of poetry. In 
Italy, where a great deal of wine is made, it was found that the 
use of alcohol even in this form interfered with mental work 
in school. The following shows the report on 4099 children: 





1616 2021 
462 DRINK WINE Drink WINE 
ABSTAINERS OcCASIONALLY DaILy 
Good marks. .. . 42.56 30.5 29.8 
Bait! in ees 53.49 41.8 39.7 


POOlEs ae eee 3.85 27.0 30.3 





It is evident that alcohol renders the user liable to make 
mistakes. Consequently, the managers of the Lackawanna 
Railroad, after an accident caused by the engineer going past 
signals, made the following rule: ““Trainmen must not drink 
nor enter saloons even when off duty.” This engineer had 
been drinking, and the accident cost the death of forty people 
and serious injury to seventy-five more. 

It is significant that great industrial organizations, railroads, 
and mercantile houses are requiring that their men do not 
drink. They know that alcohol in any form lowers the efficiency 
of their men, and the men are beginning to realize that they 
are more capable and advance more rapidly if they leave drink 
alone. 

It is a known fact that intoxication and the commission of 
crimes are often associated. In Figure 316 this relationship is 
illustrated. 

Safety. — The use of alcohol by those who drive automo- 
biles is dangerous not only to the driver who is a drinker but 
also to those who meet him in traffic Alcohol reduces tre- 
mendously the ability of the driver to Operate his car safely. 
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The amount of alcohol in a glass or two of beer narrows the 
eye span, reduces the distance at which one can see clearly 
approaching objects, and may even interfere with color percep- 
tion. It takes about + second to put on the brake. Experi- 
ments have shown that the alcohol contained in a glass or 
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Fig. 316. Although intemperate persons make upa small part of the popu- 
lation, they account for one fourth of all the crimes investigated. More than 
half of the crimes were committed while they were intoxicated. 


ewo of beer increases this to # and in some cases to 4 of a 


second. A car going at 50 miles an hour will travel a certain 
distance before the brake is applied. If the delay is increased 
by an additional 5 second, what distance will be traveled ? 
Insanity. — The sober man thinks first and then acts; the 
man under the influence of alcohol acts first and thinks after- 
ward. Alcohol so interferes with the working of the mind 
(Figs. 317, 318) that the man 1s unable to make correct judg- 
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ments. Consequently after a time his mind is really impaired. 
In the State of New York over twenty-five per cent of the 
insane in the hospitals of the 
state are insane because of the 
use of alcohol. It is estimated 
that there is lost to the State 
of New Yorkevery year, through 
insanity, over $2,400,000 and to 
the United States $12,000,000. 
During prohibition it became 
“smart’’ to drink, and in some 
circles it was the mark of clever- 
ness to possess and use alco- 
bolic liquors. The socal dis- 227. This fee shows four 
approval of anearlier generation who died of alcoholic insanity. The 
body of the cells and the nerve fibers 
was not strong enough tO OVer- ose broken up and degenerated. 
come the new custom, but it 
should be remembered that these practices have not changed 
the facts ktown about alcohol. The one test of growth in a 
people is to make improvements from one generation to another. 
If the facts are followed, the test will be satisfactory. The new 
generation, well acquainted with the facts, many of them discov- 
ered recently, must see that it takes advantage of the facts and 
does not repeat the mistakes of the older generation. In this way 
civilization, in which we all have a part to play, will advance. 
_ Alcohol and racial effects. — Professor Charles R. Stockhard 
of Cornell University and Professor Raymond Pearl of Johns 
Hopkins University report experiments with alcohol on guinea 
pigs. They observed that alcoholized animals showed a higher 
natal and post-natal death rate than the non-alcoholized ones; 
but over several generations, the ones that survived in the 
alcohol groups were stronger animals in every way than those 


of the non-alcohol groups. In guinea pigs, alcohol would ap- 
pear to be a eugenic rather than a dysgenic factor. 
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Summary of the effects of alcohol. — In conclusion it may be 
stated that the following statements represent the results of 


alcoholic drinks as a beverage: 


1. Alcohol tends to reduce physical strength and endurance 


and the amount of work done. 
2. It impairs mental work. 


3. Alcohol belongs to the class of habit-forming drugs, like 
opium and morphine, which tend to create a craving for in- 





Fig. 318. This illustration shows the destruc- 
tion of the nerve branches and fibers in alcoholic 
insanity. The patient died of this disease, and 
when the nerve fibers were examined under the 


microscope, they were shown to be swollen and 
broken down. The swellings of the nerve fibers 
are characteristic and are usually seen in the 
brains of those dying from alcoholic insanity. 


creasing amounts. 
In certain persons 
this leads inevitably 
to heavy drinking 
and its serious con- 
sequences. 

4. The alcohol 
user on the average 
is especially subject 
to sickness and to 
premature death. 

5. Drink increases 
liability to accident 
even in the person 
who is never intoxi- 
cated. 

6. The use of al- 
cohol by parents is 
often responsible for 
a high death rate 
in children, or for 
physical or mental 
defects. 

7. Alcoholism 
does not necessarily 
mean drunkenness. 
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The habitual user of alcohol may show some of its effects 
without ever reaching the stage of intoxication. 

8. Alcohol is not a stimulant to the nervous system, but a 
depressant. 

Tobacco. — The leaf of the tobacco plant is used for 
smoking and chewing. It is sometimes used in powdered 
form as snuff. There are many reasons why tobacco should 
not be used by man, and no satisfactory reason why it should 
be used. There are some people who say that a person who 
uses tobacco is a fool and that he will go insane if he smokes 
cigarettes. Such a statement is at variance with the facts. In 
condemning or praising any method or practice, care should 
be exercised in forming a judgment and discretion used in 
stating a belief. What does tobacco do to the cells of the body ? 
What may be the loss in terms of efficiency? These are ques- 
tions that we should be prepared to answer. 

General effects of tobacco. —In the first place we can think 
of a man who is strong physically, keen mentally, and sound 
morally, who at times uses tobacco. If he uses it moderately, 
he may reply to our question by saying, “Smoking does not 
hurt me.”” By such a statement one may mean that no per- 
ceptible harm is felt. But, how much keener mentally, how much 
stronger physically, would he be, if he did not smoke? Smoking 
contributes nothing to a man or woman. Men smoke but 
the smoking is not a characteristic of manliness. Women 
smoke — largely in imitation of men, but do not gain in 
womanliness. So, because you know men or women who 
smoke, do not think that smoking does not hurt them. 
Think rather of how much better in every way they would be 
if they did not smoke. 

It is true that the use of tobacco forms a habit that tends 
to increase the amount of tobacco used. This is the special 
danger in cigarette smoking. It leads frequently to the use 
of so many cigarettes that health and strength are lost. 
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That smoking causes undesirable effect upon the body is 
shown in the custom of college athletes. Coaches and trainers 
do not permit smoking by those who play on the team, and 
athletes who seek to excel in sport do not use tobacco. 

We know that smoking impairs one’s physical efficiency. 
A war correspondent some years ago wrote as follows: 

‘As we pushed on, all our old sins of pipes and cigarettes 
began to be expiated in our middle-aged hearts.... So we 
struggled on, the easy perspiration bathing our bodies. Hiatt 
was doing better than I, being younger and less guilty of cigar- 
ettes. Iwould forcemyself until I could gono farther; would stop; 
would droop over my alpenstock and pant like a netted fish.” 

Men and women who smoke to excess find that they 
become nervous, lose their appetite, and show a distinct loss 
in efficiency. 

The effects of tobacco upon youth. —The youth who looks 
forward to physical efficiency as well as mental efficiency as 
important factors in doing a work and achieving a place in the 
world, will leave tobacco alone. The growing boy or girl 
suffers the most of all from the use of tobacco. Growth is 
interfered with, the heart is injured, and the stomach disturbed. 
If the young person thinks he wants to smoke, he should 
wait until he is twenty-one years old; then with a developed 
body and a wiser mind, if the use of tobacco seems desirable, 
let him make the choice, cognizant of its dangers and limita- 
tions. The youth who looks forward to excellence in athletics, to 
achievement in business or the professtons, to authority and control 
in store and factory, will select his habits as carefully as his friends 
and his food as carefully as his facts. 


FACTS TO REVIEW 


1. How long may one go without food? 
2. Is fatigue a normal product of activity? What should one 


do to overcome fatigue? 
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3. How do stimulants cover up the signs of fatigue? Is this 
ordinarily desirable? . 

4, What gives a horse strength: oats or a whip? This seems 
like an absurd question, but what is it analogous to in some per- 
sons’ behavior? 

5. Are there natural stimulants to activity? Name several. 
Which ones affect you? 

6. Is alcohol a food? Why? 

7. Alcohol is burned and hence produces heat, but why does 
the individual not gain in heat although he may feel warm? 

8. How is alcohol a cell poison? What did Hodge show by his 
experiment ? 

9. In what way does alcohol reduce mental efficiency? What 
effect does it have upon physical efficiency? 

10. What relation is there between use of alcohol and accidents? 
11. What are the general effects of tobacco upon man? 


QUESTIONS TO THINK ABOUT 


1. Does a person have the opportunity to choose between using 
natural and artificial stimulants? Why is the choice not always a 
wise one? 

2. What is the difference between a narcotic and a stimulant? 
Which ones of the following four are narcotics: tobacco, coffee, 
alcohol, tea? 

3. Since alcohol is a carbohydrate and burns in the body, yielding 
energy, why is it not wise to plan to use a quantity of alcohol each 
day in place of the carbohydrate that would otherwise be eaten? 

4. If a young person has certain ambitions, is it reasonable to 
believe that he will obtain these if in youth he forms bad habits? 


INTERESTING THINGS TO DO 


1 Collect hewspaper accounts of automobile accidents. What 
proportion of them is reported as due to alcohol? Is it possible 
that some not reported are caused by alcohol? 

in ee a tabulate the frequency of irresponsible actions 
or automobile drivers su ing i i 
ch as: weaving in traffic, disregarding 


pedestrians, violating stop signs and sj ; 
signals, and di 
the road. ene? scourtesy on 
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3. Conduct a debate in class on the topic: ‘Resolved That 
Alcohol Is a Greater Hazard to Life and Health Today Than in the 
Colonial Period.”’ 

4. Formulate a code of living for yourself with respect to the use 
of alcohol, tobacco, tea, and coffee. 
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CHAPTER XXIII 
HEALTH PROBLEMS OF THE MACHINE AGE 


The need for industrial hygiene 
Indoor work 
Monotony of work 
Fatigue 
The dusty trades 
Industrial poisons 
Accident prevention 
Safety for youth 
Health service in industry 
Regulation of industry by the state 
Prohibitory measures 
Regulatory methods 
Workmen’s compensation 
The dignity of man 


The need for industrial hygiene. — Human life is a strug- 
gle against many forces. The old impulses that served the 
tribe in the jungle are unable to combat war, pestilence, and 
famine. New methods are required, but old ways of thinking 
continue to thwart progress and enlightenment. War with the 
airplane and atomic bomb is one of the great calamities of 
human life. It now requires a world organization to maintain 
peace. There are diseases that still attack large numbers of 
people, but the plagues that once devastated whole nations are 
gone. New ways of thinking developed by science are being 
widely disseminated, and science now is conquering disease. 
Famine remains a calamity in only a few spots, due to the 
remarkable development of agriculture. 
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The old forces that caused our early ancestors anguish of 
spirit as well as pain and even death are, with the exception of 
war, greatly altered. But the industrial civilization that has 
developed in less than a hundred years thrusts new problems 
of living upon modern man. Now he must learn how to de- 
fend himself, not against tigers, but against monotony and 
fatigue; how to combat, not famine, but the starvation of 
personality that so often accompanies the sedentary life. 

Invention of machines for performing the work of manu- 
facturing formerly carried on in the home and shop radically 
changed the character of home and village life. When Cart- 
wright in 1785 invented the power loom, he could scarcely have 
imagined that the industry of weaving would change so com- 
pletely, that child labor in factories would arise to plague a 
nation, and that people who had been accustomed for gener- 
ations to outdoor life would soon be gathered into factories. 
Of course no one at that time had any appreciation of the 
health hazards of the new industrial enterprises. As children 
working in cotton factories developed tuberculosis, as other 
employees showed the effects of the particular industry, studies 
were made; soon the hazards became clear and various state 
legislatures and the Congress enacted regulations for the 
protection of workers in industry. These regulations are too 
numerous to describe here in detail, but it is possible to discuss 
the chief dangers to health that have provoked them. 

Indoor work. —It is known that indoor air and light are 
not as wholesome as outdoor air and light. At first many 
of the factories made no adequate provision for ventilation 
and lighting. Today laws in most states require sanitary 
conditions in these matters. Moreover, people are learning 
that the free hours should be spent out of doors whenever 
possible, that week-ends should be real recreations (Fig. 319) 
and that shortening of the working day will give people more 


opportunity for outdoor life. 





Pini! by Gendreau 


roller skating in Central Park, New 
on Rangeley Lake, Maine. 


Fig. 319. The picture above shows 
York City; below, canoeing 
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| Monotony of work. — Little has been accomplished in reliev- 
ing the monotony of modern industrial processes. All work 
has at times monotonous elements. Farm life often shows 
extreme dullness, but factory work under modern manufactur- 
ing methods forces the worker to do over and over again the 
same act all day long. A worker’s job may consist only in 





Photo by Ewing Galloway 


Fig. 320. Monotony may prevail in very simple communities. The 
picture shows a sakieh (bucket pump) with an Egyptian boy tending the 
camel. The water pumped up in this way runs into a sluice and is used for 


irrigation. 


throwing a lever, stacking trays, tightening one bolt on a car, 
watching a conveyor belt, or capping bottles. Variation is not 
desired by the management; it is not possible for the worker. 
Efficiency requires systematic routine, and the worker becomes 
a cog in a great industrial machine. He finds little satisfaction 
in what he does; monotony prevails (Fig. 320). 

Satisfaction in what one does is essential for health and 


happiness. If the play hours are satisfying, the work hours 


may be somewhat compensated by the former; without play 
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hours in a very real form, the monotony of work produces 
tired, spiritless, dull, unhealthy workers. ae 

Fatigue. — Fatigue 1s the normal result of activity. It is ab- 
normal when rest is inadequate. Monotony influences fatigue. 
Long hours, excessive noise, and poisonous gases favor 
fatigue and increase accidents. The relationship of fatigue to 
production is shown in Figure 321. “‘Overtime”’ work is not 
wholly profitable for the worker. It increases the liability of 
accidents, favors the onset of disease, and lowers the produc- 
tion ratio of the worker. Speed of work should be suited 
to the individual’s rhythm. Noise enhances fatigue. In 
offices, shops, schools, and homes precautions should be 
taken to prevent unnecessary noises. A few years ago New 
York City under Mayor La Guardia’s instigation tried a 
“decrease the noise’’ week, thus endeavoring to lessen street 
noises. 

The dusty trades. — Some occupations are carried on in an 
atmosphere laden with dust. This dust may be composed of 
minute particles of metal, stone, coal, or vegetable material. 
These particles breathed into the lungs injure the delicate 
membranes and favor the development of tuberculosis. Work- 
ers in certain occupations, if not protected from the dusts of 
the trade, show characteristic changes in their lungs. These 
changes are well recognized in medicine and are named as 
follows: 

Anthracosis — The black lung condition of the coal miner 

Chalicosis — The gray-black lung condition of the stone 
cutter 

Silicosis — The lung condition of the gold miner 

Siderosis — The lung condition of the metal worker 

Industries vary in the amount of dust produced in their 
processes of manufacture. The table on page 531 shows the 


number of milligrams of dust per cubic meter of air in certain 
industries. 
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Amount or Dust 


a 
MILLIGRAMS OF Dust 


j ETER 
INDUSTRY PER Cusic M 





oF AIR 
Horsehair works . oe 
Sawmill . ‘ 
Woolen factory ee re 9 ee 20.0 
Woolen factory with exhaust ventilation. . . . .. . 7.0 
Paper factory . 24.0 
Laboratory . 1.4 
Pet Les teas. ea GN piey wal Ex! .G) Jae 28.0 
Foundry — polishing room... « « @ « « & « . « Thi. 
BerGeNOMECTOLY).) nk ne sa" he ee 6 ere ea ee 175.0 
MORTACOPOONICE S Unser re gi ares net a > i, An ee 224.0 


In the above table, the difference in the dust in the air in 
the woolen factory that has exhaust ventilation is striking. 
The importance of protective measures is now recognized. 
There are three methods used: 

First is the prevention of dust formation. Oil and water 
sprays are used in some processes for this purpose. 

Second is the proper removal of dust from the working 
plane. This is accomplished by exhaust ventilators that carry 
the dust downward from the work bench or machine where it 
is produced. 

Third is the use of respirators. In some work the first two 
methods are not feasible and respirators are essential (Fig. 
322), 

The following poster issued by the Ohio State Department 
of Health advises workers of the dangers of dust: 


INSTRUCTION TO EMPLOYEES IN 
DUSTY TRADES 
1. Don’t breathe dust of any kind — it causes colds, tuber- 
culosis, and pneumonia. 


2. Don’t sweep during working hours — it spreads germs of 
all kinds. 
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3. Don’t work in dusty air. Stop the dust or wear a dust 
protector over your mouth or nose. 

4. Dust breathed into your lungs is never breathed out again. 

5. If you breathe dust you are bound to cough. 

6. Coughing or spitting is nature’s warning that your lungs 
are in danger. 

7. If you hem or cough every day call a doctor at once. 


Industrial poisons. — In the processes of manufacture 
poisonous gases and substances constitute health hazards to 
the worker in certain industries. The more common occupa- 
tional poisons are lead, brass, arsenic, mercury, phosphorus, 
and wood alcohol. There are three important measures in 
preventing these: 

First is a periodic medical examination. This is vital for 
workers with lead. 

Second is personal hygiene and sanitary precautions. Wash- 
ing the hands before eating 1s essential for workers with lead; 
and in trades with poisonous fumes thorough ventilation is 
necessary. 

Third is education of the worker in particular hazards that 
surround his work. These vary. For example, garage men 
need to be careful of carbon-monoxide poisoning, especially 
in the winter when doors and windows are apt to be closed; 
benzol poisoning must be avoided by workers in the rubber 
industry. | 

Accident prevention. — Statistics show that there are 
over 10,000 deaths a year from accidents in industry and nearly 
2,000,000 non-fatal accidents. Most accidents are reasonably 
preventable, and for every accident there is usually some one 
person responsible. In prevention of these needless causes 
of injury and death, both employer and employee have parts 
to play. The former must install safety guards on machines 
and establish safety regulations in the factory. The latter 





Courtesy of Pangborn Corp. 
Fig. 322. When a man is sandblasting, he uses a respicator to prevent the 
inhaling of fine particles of sand, 
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must show a spirit of co-operation and avoid a careless attitude 
toward his own and others’ welfare. Little things may cause 
serious accidents. Practical jokes contribute to the list of 
avoidable accidents and should never be tolerated in the fac- 
tory. In the metal trades, mills, and foundries precautions to 
protect the eyes are especially necessary. Burns by flying 
sparks may be avoided if the process is properly screened. 
Construction accidents are very commonly due to falls. 
Scaffolding ladders should be soundly constructed and used 
carefully. Guard rails on scaffolding are essential, and floor 
openings should be protected. In textile mills, the lumber 
industry, mining and engineering, railroading, and other in- 
dustries, special regulations to avoid accidents are necessary. 

The use of alcohol predisposes to accidents. It decreases 
efficiency and renders the worker, under its influence, careless 
in the use of machinery. Arguments regarding alcohol and 
prohibition have no bearing upon the fact that bodily processes 
go on better without alcohol; certainly excessive use is danger- 
ous to one working around machinery. 

Safety for youth.— Thete are many hazards for youth in 
this machine age. The dangers of the frontier are gone but 
these have been replaced with others equally hazardous to life. 
Our instincts do not equip us to operate the machines that 
modern science produces, but we can learn how. It is necessary 
that youth understand that there is something to learn and to 
avoid the mistakes of the generations that preceded them. 
The appalling fatalities in automobile accidents are adequate 
evidence of the need to recognize certain problems involving 
safety. 

The fatal accident rate of young drivers exceeds that of any 
other age group. The rate for drivers twenty years of age is 
twice that of those twenty-five years of age and three times 
that of those forty-five years old. Some accidents are due to 
faulty brakes or other failures in a car, that is not properly 
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cared for, but most of the accidents are due to faulty driving 
> 

rather than to faulty cars. HGLENTA | : 
There are three essentials in behavior if this rate is to be 

reduced. The first is Anowledge. The driver must possess 

knowledge of how to drive, what are safe speeds under varying 





Photo from Ewing Galloway 


Fig. 323. Courtesy and good manners in traffic are important. Every hour 
three persons are killed and a hundred are injured in automobile accidents. 
Which persons are in danger at the intersection above? 


conditions, what are the rules of the road, and similar facts 
that are readily acquired by the alert person. Second is s&él. 
The driver must develop skill in Operating a car safely, skill 
in passing cars safely, skill in making turns, in braking, in 
accelerating, in watching for other cars and for pedestrians. 
Third is attitudes of courtesy and good manners. It is not strange 
that the gentlemanly and lady courtesies of the Victorian Era 
should again have real meaning and particularly in these 
dynamic days of the twentieth century. Good manners invari- 
ably have good reasons behind them. Today, the well-man- 
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nered person does not crowd in ahead of others in a theater or 
on the highway, he does not stop his car on a crossing lane 
(Fig. 323), he shares the road, he signals his actions so that 
drivers behind may have plenty of time to decide their actions. 
Courtesy of the road is demanded today not for the gracious- 
ness and good will that it engenders but for simple safety in 
trafic. The ungentlemanly act in earlier centuries was sufh- 
cient cause for a duel; not infrequently today such behavior 
on the highway also produces death or injury. Our necessities 
may require that we learn the meaning of the phrase noblesse oblige. 

Health service in industry. — As industrial organization 
developed, it became apparent that medical service to workers 
in factories was essential. In many large corporations today 
health service is a well-established part of the organization 
(Fig. 324). The aim of this service is to prevent occupational 
disease and accidents, to conserve the health of the workers 
by proper and early treatment, to educate the workers in the 
maintenance of their own health, and to supervise the working 
conditions. This aim when realized more than pays for the 
service in increased efficiency and well-being of the employees. 

Regulation of industry by the state. — The rapid growth 
of industry led to neglect of the human element so that the 
state found it necessary to protect its workers, especially 
children and women. Before 1848 public opinion was very 
low in some states where children were allowed to work in 
mills from 11 to 14 hours a day, an average of 72 hours a week. 
Many states have passed child-labor laws, but the efforts to 
protect children are not as effective as they should be. 

The state can protect workers by enactment of laws and by 
providing for their enforcement. Legislation to protect workers 
falls into three groups: (1) prohibitory measures, (2) regula- 
tory methods, and (3) workmen’s compensation. 

Prohibitory measures. — Certain processes of industry or the 
use of specific materials may be prohibited. In Massachusetts 
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the law prohibits the use in the textile mills of any form ie 
shuttle that requires ‘‘the employee to use his lips or mout 
in threading it.” Federal legislation prohibits the use of a 
phosphorus in the match industry. The former is directe 
against spreading disease, especially tuberculosis, and the 





Courtesy of Western Electric Co. 


Fig. 324. The hospital at the Hawthorne Works is one of the best 


equipped of its type in the country. The best X-ray equipment is available 
for careful diagnosis. 


latter against phosphorus poisoning which is now quite rare 
since the prohibitory measure went into effect. 

Regulatory methods. — Regulation is milder than prohibition. 
It deals with rules and procedures. Thus, these methods 
prescribe how a room shall be ventilated, where lunches may 
be eaten, how many sanitary units shall be installed, etc. 

Workmen's compensation. —'The law generally compels the 
employer to compensate workers for injuries. To do this he 
insures his plant against injury to his workers. This insurance 
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may be provided by private or mutual insurance companies, 
by state funds, or by self-insurance. This law has stimulated 
safety measures in factories. 

The dignity of man. — For many centuries man has been 
compelled by the extent of his ignorance and his lack of tools 
to labor for long hours in order to gain food, shelter, and 
clothing. With increasing power over the forces of nature, 
both through knowledge and invention of all sorts of machines, 
man now can grow more food than he needs and can supply 
himself with more than is required to clothe and shelter him- 
self. While he will always be under the compulsion to provide 
for his basic needs, his improved competence has created a 
newer and, in some respects, a more difficult problem. 

The very machines by which he achieved his conquests in 
agriculture, manufacture, and mining have provided new 
means of power, new sources of wealth, and new avenues of 
achievement. These have made easy the accumulation of 
riches but difficult the distribution of goods. 

But back of these lies the old problem. How shall man live 
at his best? How shall he use his strength? How shall he 
contribute to the common good? These were the questions 
that Socrates discussed with his students in ancient Greece; 
they remain today as the primary questions of our age. 

For all persons the primary problem is not how to make 
a living but how to live. Even in the most limited circum- 
stances, how to live is primary. It 1s indeed most difficult to 
consider how one shall live in the face of poverty, but in the 
final analysis one must choose to do so meanly or find a 
better way. Indeed, economic conditions strongly influence 
the ability of people to live at their best, but even in the 
midst of plenty there may be very poor living. It was 
Marcus Aurelius who wrote that it is possible to live de- 
cently in a castle — although it is difficult under the circum- 


stances. 
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In the view of new appraisals of human values, it seems clear 
today that men and human personalities are to be placed ahead 
of production of goods, that the maximum development of 
human health and happiness is primary and the maximum 
development of wealth quite secondary. Indeed the dignity 
of man requires that a practical and humane regard for others 
should replace the attitude that permitted such social ills as 
child labor, vocational diseases, and the crippling of workers. 
In similar fashion the dignity of man requires that all persons 
shall have work to do, vital functions in life to perform, and 
compelling interests by which all men live. Something of 
this spirit and attitude was prophesied by H. G. Wells in 
that interesting book “The World Set Free.” In this book, 
Karenin, a cripple, carries on the following conversation with 
a great surgeon, Fowler, to whom he has gone for an operation. 
The cripple remarks: 

“You make me feel as though I was the last of deformity. 
Deformity is uncertainty and inaccuracy. My body works 
doubtfully, it :s not even sure that it will die or live. I suppose 
the time is not far off when bodies such as mine will no longer 
be born into the world.” 

“You see,” said Fowler after a little pause, “it is necessary 
that spirits such as yours should be born into the world.” 

“I suppose,” said Karenin, ‘‘that my spirit has had its use. 
But if you think that is because my body is as it is, you are 
mistaken. There is no peculiar virtue in defect. I have always 
chafed against all this. If I could have moved more freely 
and lived a larger life in health, I could have done more. . . . 
It will be good when you have nobody alive whose body can- 
not live the wholesome everyday life, whose spirit cannot come 
up into these high places as it wills.” 

“We shall manage that soon,” said Fowler, ‘for endless 
generations man has struggled upward against the indignities 


of his body —and the indignities of his soul. Pains, inca- 
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pacities, vile fears, black moods, despairs. How well I’ve 
known them. They’ve taken more time than all your holidays. 
It is true, is it not, that every man is something of a cripple 
and something of a beast? I’ve dipped a little deeper than 
most, that’s all. It’s only now, when he has fully learned the 
truth of that, that he can take hold of himself to be neither 
beast nor cripple. Now that he overcomes his servitude to 
his body, he can for the first time think of living the full life 
of his. body...” 


FACTS TO REVIEW 


1. What are some of the health hazards that the invention of 
machines has brought to man? 
2. Why is indoor work a hazard? 
3, Why is monotony now so common in industry? How is it 
to be combated? 
4. In what way does monotony influence fatigue? 
5. What trades may be called dusty trades? What is the health 
hazard of dusts? 
6. What-are industrial poisons? What are some of the more 
common ones? 
7. Why do accidents occur in industry? How can they be 
largely prevented ? | 
g. Are automobile accidents due more to faulty cars or to 
faulty behavior? What are the three essentials in competent au- 
tomobile driving behavior? 
9, What is the meaning of the phrase noblesse oblige? 
10. What is the purpose of health service in industry ? 
11. Why has industrial employment been regulated by the 
state? In what three ways have state regulations operated ? 
12. What does the phrase the Dignity of Man mean to you? 


QUESTIONS TO THINK ABOUT 


1. What are you doing to make up for the hazard of spending 


many hours each school day indoors? 7 
2. Is school at times monotonous? What are you doing to 


compensate for or to correct the condition? Explain. 
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3. What old practices in courtesy and chivalry are important 
today? Why did we fail to carry them on as customs? Even if 
modern forms change, what must be retained? 

4, When a man says, “Greater honor brings greater responsi- 
bility,” what does he mean? | 

5. What items would you look into when considering the choice 
of an occupation? 


INTERESTING THINGS TO DO 


1. Visit an industrial plant and observe the work that is monot- 
onous in character. 

2. Visit the health service of an industrial or business organiza- 
tion. Learn the provisions that are made to keep the employees 
well. 

3. Write to the State Bureau of Motor Vehicles for pamphlets 
on automobile safety. 

4. Write to the State Department of Labor for pamphlets that 
describe the state’s regulations for the protection of workers in 
industry. 
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CHAPTER XXIV 


THE MODERN VIEW OF HEALTH 


The nature of man 

The complex modern world 

The complex human being 

The whole of life 

Stages of development 
The stage of pleasure and pain 
The stage of social approval 
The stage of idealism 

The person and his situation 

The customs and standards of people 

Those we prefer 

Building a life 


The nature of man. — Through the study of several hun- 
dred pages, the student of Healthful Living has been learning 
how man is constructed, how he functions, and what are some 
of the problems that confront him in living healthfully. As 
he has understood the amazing complexity of man’s structure 
and functions and the insidious ways in which bad practices 
may develop, he has acquired a grasp of the problem of living 
at his best. In this chapter, the writer would caution the 
student to avoid an attitude of complacency toward the mat- 
ter. Even with all the knowledge available today much poor 
living goes on. 

There are many sides to the problem of healthful living. 
In the first place, the student should appreciate the impor- 
tance of the well-established scientific fact that the individual 


isa unity. The habit of speaking of the mind and of the body 
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in this text, as if each were separate and distinct from the other, 
is a practice of convenience. Long Custom almost Seba 
it; but it should be clear that the tradition is based upon ol 
but now rejected ideas. Thinking, for example, is not a func- 
tion of the brain alone, any more than walking is a function 
of the legs alone; the whole person thinks, the whole person 
walks. Muscles and glands share in thinking; nerves share in 
walking. The individual is neither mind nor body; these are 
only aspects of the whole person. ( 

It is clear also that emotions, ideals, attitudes towards life, 
and relationships with others have a bearing upon health 
because these are a part of life, and health is an expression of 
the whole and not merely of a part. Modern physicians in 
examining a person inquire concerning not only the heart 
action and the muscular strength, but also about conduct and 
behavior, moods, and dispositions. 

The complex modern world. — The length of life has 
varied greatly from age to age. In the 17th century the annual 
death rate in London from all causes was 50 per 100 as against 
12 in 1932. In the same century the rate in Boston was 34 
per 1000; in 1943 the death rate for the United States was 10.9 
per 1000. Due to the measures of preventive medicine in child 
hygiene and the greatly improved methods of scientific medi- 
cine generally, it is not so difficult to remain alive today. 
However, in living one’s life there are a thousand difficulties 
aside from disease that our forefathers never knew. 

The social biologists say that human nature does not change. 
Man today, by nature, is much the same sort of person that 
lived in the age of Pericles, fought with Charles Martel against 
the Moors, or sailed with Nelson at Trafalgar. He had his 
problems in living then, but they were simple compared with 
the high pressure of modern life, the rush and hurry every- 


where, the noise and speed in cities, and the ousting of creative 
labor by the machine. 
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One indication of the unusual strain in modern life is the 
very great increase in deaths from heart disease. Although 
infections play a major role in the production of heart disease, 
physicians are inclined to believe that the increased emotional 
strain which people experience today is an important factor 
in producing disease of the heart and blood vessels. 

Moderns do not have to fight against panthers and are 
rarely called upon to combat plagues, but they have real battles 
ahead in learning how to live calmly and serenely in an environ- 
ment of whirring machines, airplanes, radio, newspapers, high 
speed, and rapid communication and transportation. 

The complex human being. — Man is a unity but an ex- 
ceedingly complex one. Not only is the world complex but 
man himself is a marvel of intricate structures and delicately 
balanced functions. Among savage peoples where wants are 
few, duties of membership in the clan light, and the economic 
demands little more than securing rather easily simple food 
and crude shelter, the complexity of his nature is scarcely 
tested. Life is direct and simple. The few wants are easily 
satisfied; the light duties of “citizenship” are easily discharged; 
and simple food and crude shelter are readily secured. But 
the complex modern world tests severely the delicate balances 
of the individual. Only as man learns something of his own 
nature and how his structures and functions operate to the 
best advantage, is he able to meet successfully the difficulties 
that present themselves. For example, when he learns that 
not toothpaste but proper food is the best guarantee of good 
teeth, that all disease is not caused by a misplaced bone in 


the spine, that improper emotions cause indigestion as readily 
on the path to understanding 


as improper food, then he is ti 
something of the complexities 


something of his nature and 


of civilization. . 
The whole of life. — It was suggested in the first chapter 


that health was more than freedom from disease. Health, as 
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absence of disease, is an extremely narrow view. In fact, we 
can only possess the correct view by understanding that health 
relates to the whole of life and that how one thinks, feels, 
and acts, how one’s behavior affects others, and how one con- 
tributes to the world’s needs are manifestations of health as 
truly as are muscular strength, or ability to digest food or 
eliminate waste. 

It is not usual for persons to think of health in this broad 
way, but as we comprehend the intimate relationship between 
the individual and the environment in which he lives, nothing 
that happens to a person or that a person does is without 
significance for his functioning. How one feels about a 
neighbor may influence digestion quite as definitely as the 
quality of cookery in the home, and the respect of one’s com- 
panions may be more influential in building energy than food. 

In short, we human beings are more than machines to be 
examined for needed repairs and to be supplied with sufficient 
food. We are personalities trying to express the urges that 
arise within ourselves, seeking to find security and satisfac- 
tion in a countless number of varying situations. It is impor- 
tant, then, to think of health in these many-sided relationships 
(Fig. 325). 

Stages of development. — The relationships of a person 
to his world increase in complexity as he matures. In infancy 
his world is simple indeed, but as growth and development 
take place, a vast area of contacts, ideas, and purposes atises. 
The young person may develop so gradually and so whole- 
somely that he hardly perceives a change in himself and only 
vaguely senses the larger world that is his, so gradually does 
it unfold itself before him. 

For most persons, however, there are constant challenges 
to adjust their wishes, acts, or purposes to the various forces 
of the environment, such as other personalities, the weather, 
school regulations, social customs, and successes or failures 
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that most surely come to all. In these adjustments, health 
is promoted or retarded; moreover, healthfulness setiets in 
making adjustments. Again, the student will observe in this 
reciprocal relationship the pattern of unity that so characterizes 
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Fig. 325. Man is by nature close to the land. The woods, fields, streams, 
and animals give him many satisfactions without the strain and tension of 
city life. It is important for all to keep close to nature in some experiences. 


life. But obviously, the demands for adjustment vary with 
the stage of development. Description of the different stages 
will indicate some of the adjustment problems. 

The stage of pleasure and pain. — The conduct of the infant 
is characteristic of this stage. If he is warm, fed, and com- 
fortable, he is happy. Sleep and food are all he wants. This is 
right and proper for an infant. Some children continue to 
stay in this infant stage. Typically, conduct based only on 
pleasure of pain, although normal and healthful in infants, 
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is abnormal and unhealthful for grown persons. The infant 
is dependent upon the mother for everything he gets, but as he 
grows older he learns to decide questions for himself and to 
take responsibility. This is normal. Thus children as they 
grow older should strive to develop the qualities that go 
with the advancing years. One might advise them in this 
way: Don’t live like an infant in other matters when you are 
old enough to drive automobiles, go to parties, and play ball. 

The stage of social approval. — As the young child grows, 
he learns that satisfaction of his wants depends somewhat 
upon the approval of his conduct by his parents. Disapproval 
of his conduct by his playmates and others brings loss of 
privileges and gradually the pain and pleasure motive grows 
less and that of social approval becomes greater. The opinion 
of others assumes a dominant rdle in guiding behavior in the 
earlier years of adolescence; friends, teachers, playmates, and 
parents wield a great influence on young persons by approving 
or disapproving what they do. This is the beginning of public 
opinion and conduct is largely shaped with respect to the 
“opinion of mankind.” 

This stage which reaches its fullness in adolescence has 
many wholesome aspects. The customs and standards of 
society form the measuring stick which earn adult approval 
or disapproval. Many of these customs and standards are 
the finest achievements of the race. Even in periods of rapid 
social change some persist in certain groups because loyalty, 
generous spirit, modesty, and gentleness still retain their 
appeals. 
| The stage of idealism. — Approval of others has its virtues; 
it has also its limitations. When carried to extremes, it is 
a most unwholesome attitude. The girl who would not skate 
aa ae pees laughed at her old skates; the boy 
Ee ats. ae are party because his Suit was old: these 

tations. In the third stage, which 
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begins ia adolescence, the individual is guided by an ideal 
of what is right, or sound, or worth while and is willing to 
court group dissent in order to be true to his best vision. 
This is the beginning of ethical behavior and marks the blos- 
soming of the personality. Thus, the crowd may smoke, may 
use lip-stick, may ‘“‘pet,’ may do any one of a dozen con- 
ventional, cheap, and unwholesome things; but some indi- 
viduals have standards of fine living to live up to. These are 
the persons who may say to us: “Don’t live like a worm when 
you may live like a man or woman.” 

The person and his situation. — The young person 
gradually passes through these stages of his development. 
One merges into the other. What his behavior is at any stage 
is an expression of his own self in part and of the situation 
in which he responds. So, in describing the behavior of people 
today, psychologists lay stress upon the situation. One's 
food, friends, parents, problems, and opportunities shape his 
response. A simple illustration showing how food in a situa- 
tion changes the outcome is given by the fact that Japanese 
children born and reared in America are larger and taller than 
children in Tokio. Also, children born of English parentage 
in Australia are larger and taller than children in England. 
Food and climate condition the response of the individual in 
growth. In addition to these examples, there are many that 
show what the pool-room crowd, the gang, the home have 
done to young persons. 

The modern young person lives in a complex civilization. 
Compared with the days of his grandparents, the change 
is stupendous. Moreover, he has more freedom, and social 
customs have been sharply challenged. The mere mention 
of divorce, religious arguments, crime, and racketeering is 
sufficient to suggest that youth today has problems to which 
he must relate himself that are far more challenging than any 
that confronted his parents of grandparents. Hence, the notion 
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of health in relation to the whole of life and with respect to 
the varying influences of the environment is fundamental. | 

The customs and standards of people. — The world with 
its machine is complex; the human body 1s intricate, indeed; 
but in addition there are customs and standards of behavior 
that every young person must learn about and become adjusted 
to in some way. At times these seem confusing, and in periods 
of great social change, as after a war, many old practices are 
questioned. There are some standards, however, that last be- 
cause they bring so much good to people. Some foolish per- 
sons may doubt their value, but never wise ones. Thus, honor, 
truth, honesty, loyalty, and dependability persist through the 
ages. The boy who learns that “smartness” can never replace 
honesty is on the road to success. The “smart Alec’? who 
sneers at loyalty, is careless of truth, and shades honor even 
in small ways can never hope to be entrusted with important 
affairs. The services that are vital in society require high quali- 
ties. Fortunately, there are persons who possess such. There 
are friends upon whom one can count, there are physicians 
upon whom patients in serious disease can rely, there are 
bankers whom depositors can trust. This quality of depend- 
ability is everywhere a standard of necessity. Without it, 
society would break down. 

Certain customs have been of great service to mankind. 
One of these is the institution of marriage and family life. 
The family is the basis of American society; the home is its 
very foundation. The high-school boy and girl are near the 
time when marriage will take place and a home will be estab- 
lished. It is not too early for them to consider this problem, 
to determine on a way of living that will promise health and 
personal attractiveness, and cultivate preferences for those 
qualities which one wishes in a mate. 

Those we prefer. — ‘Love is blind and lovers cannot see,” 


wrote Shakespeare in The Merchant of Venice; it is blindness 
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to important matters that leads to unhappy marriages and 
divorce. A young person may cultivate such standards of 
taste that it is possible “to fall in love’’ only with persons 
who come up to these standards. Without standards that 
select worth-while persons, marriage may result in unhappi- 
ness, divorce, and all the evils of that condition. Thus in 
learning how to live today, the young person must learn not 
only the facts about foods, digestion, how to prevent disease, 
and other related matters, but he must learn about himself, 
the nature of the emotional life, and why we behave as we do 
in the presence of others. 

Building a life. —It is obvious from the preceding dis- 
cussion of this chapter that life has stages of development; 
that the individual in a situation is the unit of conduct; that 
adjustment of the wishes, purposes, and plans of self with 
respect to other values are aspects of life and living as it goes 
on. In building a life, therefore, one is confronted with more 
than the problems of a practical hygiene involved in building 
a strong muscle, or in developing a clear skin. These are 
important, but they are only phases of the larger problem. 

The habits characteristic of early childhood and the responses 
of infancy are not suited for grown persons. As youth matures, 
character becomes important. Hence the builder seeks to 
discover the traits of character which he would possess, he 
holds some convictions concerning the worth of them, and 
he attempts in various situations to exercise these traits he 
admires. He builds a life that ts characterized by strength, 
healthfulness, dependability, generous nature, social minded- 
ness, or he builds a different structure. 

There should be no question that building goes on. A 
young person may say: “Aw, shucks, I shan't build a life, 
but he is fooling himself. As one lives, so one builds. The 
daily preferences, the hopes realized, the habits practiced —— 
in fact, all of one’s living, ever SO insistently, is building a life. 
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Since we build our lives by the kind of living we pursue, it 
follows, too, that we must live with the kinds of lives we build. 
Preferences! This is the central theme! What do we prefer? 
What do we seek? What do we try to attain? 
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APPENDIX 
FIRST AID IN EMERGENCIES 


Artificial respiration. — This is a means for getting air into 
the lungs of a person after drowning, smothering, Spec ae 
ing, and the like. It is a rather simple procedure an So 
complicated as a young friend of the author seemed to thin 





Courtesy of the American Red Cross 
Fig. 326. In artificial respiration by the Shaeffer method the weight of 


Operator carried forward on the arms is the force that compresses the lungs 
and forces the air or water out. 

when she called it “agricultural perspiration.” It is accom- 
plished in the following way (Shaeffer Method): Place the 
subject face downward on the ground, turn the face to one 
side, and bring the hands to a resting place beside the face. 
Kneel astride the body of the petson and place 
on each side of the back in the region of the lowe 
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your hands 
trribs. You 
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are now ready to begin (Fig. 326). It may be remembered 
that the average rate of respiration is about eighteen times a 
minute, but the procedure you are to follow should be carried 
on at a slower rate, about twelve times per minute. (1) Lean 
forward on your hands so that all your weight may be brought 
to bear on the ribs of the subject. This forces the air out of 
the chest. (2) Raise your body and release the pressure on 





Courtesy of the American Red Cross 


Fig. 327. When the pressure is released, the chest wall expands and air 
enters the lungs. 


the ribs (Fig. 327). The elastic ‘chest wall will fill out and 
take in air. This pressure and release at the rate of twelve 
times a minute will cause the air to pass in and out of the 
lungs and so will provide for the necessary oxygen. To assist 
in timing these movements repeat during period of pressure: 
“Out goes the bad air.” Snap off your hands and repeat during 
period of release: “In comes the good.” 

Inasmuch as the most frequent occasion for the use of arti- 
ficial respiration arises from accidents on the water, it is 
important to know how to prevent them. If the boat or 
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canoe upsets, the first efforts should be directed to getting 
hold of the side of the upturned vessel. A boat or canoe will 
float and will support the weight of several persons. After 
support is obtained, then one may look around to see what 
is the desirable thing to do. In many cases other people 
will see you and come to your assistance. Their assistance 
is often too late if the one having the accident has thrown 
himself around in the water, has called out, and has taken a 
lot of water into the mouth causing choking and making 
breathing difficult. Do not cry out as the boat upsets, for 
you are liable to choke with water taken in with the mouth 
open. 

Black eye. — A blow in the face, bruising the soft tissues 
around the eye, may cause discoloration. The best treatment is 
the immediate application of an ice pack (chipped ice in an ice 
bag) or cold compresses applied every half hour. If this does 
not entirely prevent the discoloration, the part may be painted 
by a face paint but usually this is unnecessary. Beefsteak 
serves no valuable purpose in this injury when applied to the 
part. 

Burns. — Burns are of different degrees of severity, depend- 
ing upon extent of the burn in area and in depth. The depth 
of the burn is described as follows: the first degree shows a 
reddening of the cells of the epidermis; the second degree 
shows a separation of the epidermis from the dermis, with the 
formation of serum between the two layers (blister); the third 
degree shows the destruction of the epidermis with some burn- 
ing and injury in the dermis (Fig. 328). 

After the burn, be it from heat, chemical, or other source. 
do not touch the part burned with the fingers, do not apply 
salve of any kind, and do not open any blisters. Baking soda 
may be applied directly to the burn and the wound then coy- 
ered with a sterile bandage. On about the third day, blisters 
may be opened with a needle after its tip has been heated in 
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a flame to a red heat (a match may be used for this purpose) 
Burns which do not blister are not dangerous and they ae 
be treated by applying sterile vaseline. It has been found that 
tannic acid is very good for burns. This can be administered 
to a burn in the form of tea. The tea should be lukewarm and 


Lpidermis 
Dermis 











Lpiderimis 
is Tl Dermis 






ThirdDegree Burn 


Fig. 328. Burns of the skin are of the first, second, or third degree, depend- 
ing upon their depth. 


can be applied with cotton. A third-degree burn should have 
medical attention. 

Broken bones. — A broken bone is a fracture of the bone. 
In case of such accident, keep the patient quiet. If he must 
be moved, a splint for the part may be made by means of a 
shingle, umbrella, pillow, or folded newspaper. Send for the 


doctor. If the end of the bone projects through the flesh, do 


not touch the wound but cover it with a sterile bandage. 
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Cuts and wounds. — Keep the cut or wound clean. This 
does not mean putting some so-called antiseptic on it to clean 
it, but it means in most cases putting nothing on it but a 
sterile dressing. If there is dirt in the cut, painting the area 
with ten per cent tincture of iodine will be good treatment. 
Hydrogen peroxide and other first-aid remedies are less 
valuable. Protect the wound from 
anything that will infect it, such as 
fingers, clothing, or other objects, and 
help it to heal by keeping the part at 
rest. If the wound bleeds severely and 
the blood does not clot, pressure (see 
hemorrhage) may be applied above the 
wound (Fig. 329). 

If the wound does not bleed freely, 
as in the case of pin pricks, injuries : 
from nails and other sharp instruments, fetes ee pert 
every effort at first should be directed plied to compress a di- 

: . : vided artery. a, b, track of 
toward causing free bleeding. Tincture the inner artery of the left 
of iodine or mercurochrome on the end 4"™: 
of a toothpick wrapped with a small amount of cotton, should 
then be inserted in the wound. If this treatment does not 
effect a cure in one day, a surgeon should be consulted. 

Fainting. — The practice of throwing a bucket of cold water 
on the person who faints is not to be approved. If the person 
is reclining, let him lie and keep the head lower than the feet. 
Loosen all tight clothing and gently fan the person or bathe 
the brow with cold water, Never give whisky to a fainting 
person. Keep people away, allow plenty of air, and maintain 
quiet. After the attack, do not move the person for at least 
half an hour. 

Foreign body in the eye. — Cinders ot dust particles in the 
eye are best removed with the tip of a handkerchief. If the 
object is on the upper lid, the lid must first be everted. This 
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is best done by asking the person to look down at the time 
you are folding the lid back over a pencil. In many cases it 
is necessary to have the services of a physician. 

Foreign body in the ear. — In removing objects from the ear, 
care must be taken not to put any instrument in the ear. Chil- 
dren sometimes put such things as peas, grains of corn, etc., 
in the ear. They can be removed by washing out with an oil; 
do not use water because that will make the grain swell. In- 
sects should be killed by oil so that they can be washed out 
easily. 

Hemorrhage. — Hemorrhage is bleeding from a part, but 
this term is not used in the case of simple cuts. Where the 
flow is marked, the term hemorrhage is more aptly applied. 
In nose bleeding from an injury, keep quiet and compress 
the nostrils, breathing through the mouth. Often the nose 
bleeds from picking it with the finger nail. It is important 
not to pick the nose in such manner, and such bleeding usu- 
ally comes from an ulcer caused in this way. Such an ulcer 
may need to be cauterized by a physician. 

Bleeding from the lungs gives frothy blood. Do not be 
alarmed but keep the patient absolutely quiet. Send for the 
doctor. 

Bleeding from the stomach usually shows in vomiting, and 
the blood has a black appearance like “coffee grounds.” Send 
for the doctor. 

Bleeding from the bowels occurs usually in case of piles. 
Keep quiet, avoid cathartics, and consult the doctor. 

Bleeding from other parts of the body following an accident 
is best controlled by applying with pressure a pad of sterile 
gauze and holding it in place with a bandage. If this fails, . 
pressure between the heart and the bleeding point and over 
the arterial course may be performed, but in most cases this 
is unnecessary. The application of such pressure is to be 
made over the artery going to the part and by means of a 
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handkerchief loosely tied around the part and then twisted 
tightly with a stick (Figs. 329, 330). To be effective, a 
tourniquet must be turned very tight so that the arterial bloo 
will be shut off. The use of the tourniquet is an emergency 
device. It must not be left on the 
part or gangrene will result. 

Sprains. — The spraining of a 
joint is due to a twist or fall. If 
the injury is cared for at once, the 
best treatment is to immerse the 
part in ice cold water and keep it 
there for fifteen minutes. If the 
injury cannot be cared for at once, 
the subsequent treatment is the ap- 
plication of heat in the form of hot ck, aeRO ree oe 
water. In either case, afterwards pandkerchief is Soplied this 
the part should be strapped prop- Fe ee. So eeya eu 
erly and the patient allowed to use the right femoral Sixaryiitie 
the part. Lad sprains should be aie is applied near the 
treated by a physician because there 
is often a break in one of the bones entering into the formation 
of the ankle joint. An X-ray may be required to determine 
whether or not a fracture'is present. 

Poisoning. — The elaborate tables of the common poisons 
with their symptoms, antidotes, and treatment are of little use 
because they are too long and difficult to memorize and they 
are not available, as a rule, when most needed. The principle 
may be taken as a general rule: if the poison is an irritant that 
destroys tissues, such as acids, lyes, and metallic poisons, 
give the patient the raw whites of several eggs. First, however, 
send for the doctor. If the poison is of another kind, a nar- 
cotic, such as chloral, alcohol, cocaine, or laudanum, then 
make the patient vomit. Vomiting may be caused by giving 
a teaspoonful of mustard in a glass of warm water. This 
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treatment may be supplemented by more warm water and by 
tickling the back part of the throat with the finger. 

In poisoning, there is always depression of the vital powers, 
so keep the patient quiet, apply heat externally, and, if neces- 
sary, give artificial respiration. External heat may be provided 
by blankets, hot-water bottles, or heated stones applied to 
the body. 


FIRST AID REMEDIES TO HAVE IN THE HOME 


Sterile gauze 

Bandages of one and one-half inch 
Alcohol 

Tincture of iodine 

Adhesive plaster, one inch wide 
Powdered boric acid 

Aromatic spirits of ammonia 
Sterile petrolatum in tubes 
Calamine lotion 


CoMteRPOl. 4 Seen = (Ge Se 4 ounces 
Seidlitz powders - - - - + * °° 1 box of 12 
Mustard, powdered payee. ae 2 OUnteS 
Syrup of gingers - - + 7 7 tt 2 ounces 
Synipraripecic see ee Te 2 ounces 
Talcum powder 1 tin 
Clinical thermometer. - - + °° 1 

Red Cross first-aid packets - - - ° 3 


Uses of these remedies. Sterile gauze. — This 1s used to cover 
open wounds. There must be care in handling so that it 1s 
not contaminated. The hands, in no instance, should touch 
the part applied to the wound. | 

Bandages are used to hold the gauze in place, or give Sup- 
port to an injured part (Figs. 331-339). They may be used 


for sprains and with splints for broken bones. 
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Fig. 331. These are forms of handkerchief bandages: A, for the chest; 
B, for the shoulder, hand, and arms; C, double bandage to prevent motion 
of the arm. 


Alcohol. — It should be used externally in the case of sprains, 
strains, and bruises. Alcohol may be used for massage. 





Fig. 332. Hand- Fig. 333. Three-cor- 
kerchief bandage for nered bandage for arm. 
perineum and hip. 





bandage for arm. 


Tincture of iodine. — Use on wounds to kill the bacteria. It 
may be used also as a counter-irritant in Sprains and strains. 


Adhesive plaster. —To give support to an injured part, use 
adhesive plaster. 





Fig. 335. Four-tailed bandage. 


Fig. 336. Many-tailed bandage. 
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Boric acid. — A saturated solution is valuable for cleansing 
and soothing the conjunctiva of the eye when it has been 
exposed to wind 
and dust or for treat- 
ing mild infections 
of the eye. 

Aromatic spirits 
of ammonia. — For 
fainting, shock, nau- 
sea, or marked de- 
pression, it serves 
asa stimulant. One 
teaspoonful in a half glass of water is the dose. It may be 
repeated. 

Sterile petrolatum. — Petrolatum may be used in all wounds 
so that the dressing will not adhere. It should be sterile. 

Castor oil is a cathartic. Dose for adult, 1 tablespoonful; 
for child 6-12 years, 1 to 2 teaspoonfuls; for infant, 3 to 1 
teaspoonful. 

Seidlitz powder. — Mild purge for headache, and for consti- 
pation and sluggishness of excretions. 

Mustard powder is used to provoke vomiting by giving a 
teaspoonful in a glass of lukewarm water. May also be used 
in mixture with flour (4 parts mustard and 7 parts flour) for 
a mustard plaster in bronchial and throat conditions. 

Syrup of ginger. — One-third teaspoonful in a glass of water 
is used for cramps and diarrhoea. 

Syrup of tpecac. One teaspoonful should be used with 
children to: produce vomiting. It is valuable in croup for it 
increases the secretion in trachea and lessens the obstruction. 

Talcum powder can be used in sunburn and for drying and 





Fig. 337 Fig. 338. 
Four-tailed bandage for the head. 


soothing action on skin. 
Red Cross first-aid packet contains a gauze bandage, triangular 


bandage, and two safety pins, as well as adhesive plaster, 
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compresses, burn ointment, splinter for- 
ceps, aromatic spirits of ammonia, and 
other things needed in emergencies. 
The gauze and triangular bandage are 
arranged for application to wound with- 
out danger of contamination. The out- 
fit is invaluable for those who are 
unfamiliar with the handling of sterile 5;, 339, Four-tailed 
equipment. bandage for the jaw. 





EQUIPMENT FOR AN EMERGENCY ROOM 
IN A PUBLIC SCHOOL 


Furniture 
Two couches (rattan ) 
One table 
Two chairs (wood) 
Closet 
Four woolen blankets 
Two hot-water bottles 
One ice bag 
Two granite basins 
One dozen clean towels 
Splints for broken bones 
Medicine case 
Iodine or mercurochrome 
Aromatic spirits of ammonia 
Toothache plasters 
Bicarbonate of soda 
Alcohol 
Mustard 
Olive oil 
Surgical case 
Sterile absorbent cotton, gauze and bandages 
Zinc oxide adhesive plaster 
Sterile vaseline in tubes 
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Tincture of iodine 


Dressing forceps; surgical scissors; safety pins 
Book on the treatment of emergencies 
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GLOSSARY 


Abdomen. — The cavity lying between the diaphragm and pelvis and 
holding the viscera. The viscera is the plural form of viscus, and 
refers to the organs in the abdomen, such as the intestines. 


Absorption. — The process by which nourishing material is taken up 
by the body through the mucous membrane of the alimentary tract. 


Accelerator. — A mechanism or drug that increases the speed of an 
organ. It can apply to the nerves which go to the heart and increase 
the rate of contraction of that organ. There is an accelerator center. 


Activate. — To make active; induce activity. 


Adenoids. — An enlargement of the connective tissue at the upper 
part of the throat where the throat and nose meet. 


Adolescence. — The period of maturing of the boy or girl into man 
or woman. 


Adrenals. — A pair of small ductless glands located one on each side, 
resting on top, of each kidney. These glands secrete a substance 
known as adrenalin, which when given into the blood stream acts 
to release sugar from the liver so that this source of energy may be 
available for the muscles. 


Aesthetic dancing. — A form of dancing that attempts to produce 
beautiful poses and movements. The movements are defined and 
exact and are supposed to cultivate grace and harmony in action. 


Afferent (nerves). — Nerves that conduct impulses toward the spinal 
cord and the brain. 


After-image. — The sensation of an object after the object ceases to 
be present. 


Agglutinin. — A chemical product in the blood which arises as a 
defense to protect the body from disease-producing bacteria. 


Agglutinin has the power of massing the bacteria so that they may 
be readily ingested by the leucocytes. 


Albino. — A person lacking the pigment which gives color to the skin. 
The skin and hair of an albino are white; also as there is no color- 
ing matter in the iris of the eye, the blood shows through, causing 
the eyes to be pink. 

Albumin. — A transparent substance, containing nitrogen, which is 
found in the blood and in many animal and vegetable juices and 
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solids. It is one of the chief constituents of muscle. It has the 
very complex chemical formula CC72Hij2N1sSOx: ). 


Albuminoid. — Substance similar in composition to albumin. 


Alcohol. — A volatile, inflammable, colorless liquid of a penetrating 
odor and burning taste. The chemical formula is (C,H;OH). Itis 
derived principally from sugars and sugar-giving substances such 
as corn, potatoes, and grapes. Dr. Frederick Peterson classifies it 
as a poison in the following words, “Alcohol is a poison. It is 
claimed by some that alcohol is a food. If so, it is a poisonous 
food. Alcohol is one of the most common causes of insanity, 
epilepsy, paralysis, diseases of the liver and stomach, dropsy, and 
tuberculosis.” 

Alimentary canal. — The digestive tract or canal along which the 
food passes, from which the body absorbs nourishing material. ~ 

Alkaloid. — An organic base containing nitrogen and having a power- 
fully poisonous effect upon the animal body. (A base is a com- 
pound capable of uniting with an acid and forming a salt.) Alka- 
loids are of vegetable origin. 

Allergy. — Sensitiveness to certain foods, such that when eaten an 
abnormal reaction results. This may take the form, for instance, 
of the breaking out of a rash on the skin. People may be allergic 
to desirable and wholesome foods, as milk, cheese, spinach, corn, 
etc. 

Anemia. — The reduction of the amount of hemoglobin in the blood. 
The number of red cells in the blood is about 5,000,000 per cubic 
millimeter. Hemoglobin is the iron-containing substance in the 
ved cells. If the number of red cells or the hemoglobin in each 
cell becomes diminished, anemia results. 

Antagonist. — As applied to muscles, a muscle that acts counter to 
another muscle. 

Antibodies. — Substances developed in the blood, during the course 
of a disease. They remain in the blood after the disease is cured, 
and thus confer immunity to that disease upon the body. They 
are the chemical factors in the immunity conferred against a 
disease. 

Antiseptic. — Preventing fermentation and decomposition. Prevent- 
ing the growth of bacteria. 

Antitoxin. — A serum for the treatment of diphtheria. Bacillus diph- 
theriae is injected in a horse, and after the animal has developed the 
antibodies of immunity, the serum of the blood is taken. Certain 
graduated amounts are used in treating diphtheria in man. 
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Apoplexy. — “Stroke” caused by a rupture of a blood vessel in the 
brain. The person appears to have been struck down. Hence, 


the use of the term ‘‘stroke.”’ 


Appendix. — Vermiform appendix is a wormlike organ, situated at 
the junction of the small and large intestine, on the right side of 
the abdomen. It is the seat of the disease called appendicitis. 


Aqueous humor. — The colorless, transparent liquid in the front 
chamber of the eyeball. 


Artery. — One of the tubes that convey blood away from the heart 
to the various parts of the body, including the lungs. 


Ascorbic acid. — This is the vitamin known also as C. It is a color- 
less, crystalline compound resembling citric acid. It is given the 
formula CsHsgOg. It is easily destroyed, and market vegetables 
kept at room temperature lose 50 per cent of the vitamin in a few 
days. 

Assimilation. — The last act in the process of nutrition. It follows 
digestion and absorption. After the food elements are digested 
and absorbed, their transformation into an integral part of the 
cells of the body is assimilation. 

Association. — As applied to nerve fibers, those which connect differ- 
ent nerves or brain areas. 

Asthma. — An affection of the respiratory tract, marked by difficulty 
in exhaling. 

Astigmatism. — A condition of sight in which the light rays which 
enter the eye on the horizontal plane of the eyeball come to a 
different focus from the rays that enter on the vertical plane. It is 
due to a difference in the curvature of the surface of the cornea. 

Atmosphere. — The gaseous mass, chiefly air, that surrounds the 
earth. This mass at sea level will support a column of mercury 
30 inches high at a temperature of 0° C. This pressure is some- 
tumes stated as being equal to 15 pounds to the Square inch. 

Autacoid. — Any internal secretion produced by the endocrine glands. 

Autonomic. — Entirely independent and self-supporting. 


Axon (sometimes spelled axone). — The long process that runs from 
the cell body and joins the processes of the nerve cell with which 
It ts connected. It is known as the axis cylinder of the nerve cell. 

Bacteria. — The plural form of bacterium. They are small cells, spheri- 
cal, tod-shaped, or spiral in form, some of which are capable of 
causing disease in the body. They are widespread in nature. 
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Benzine. — A colorless and highly i ses 
. ‘ ghly inflammable liquid 
crude oil by distillation. : e liquid obtained from 


Beriberi. — Very dangerous disease affecting the nerves. Vitamin B 
one of the factors of vitamin B complex, has the property of bie 
tecting against this disease. Thus the disease may be said to be 
caused by lack of sufficient amounts of vitamin B, in the diet. 


Biotin. — This vitamin is one of the B complex. It is given the 
chemical formula CipHiO3N2S. It was first isolated in 1936. 


Blood pressure. — The pressure which the blood exerts in the blood 
vessels. It is measured by an instrument called the sphygmo- 
manometer. 


Blood typing. — An examination of blood to determine the type or 
group. According to most classifications, there are four types of 
human blood. When blood is given from one person to another, 
the two bloods must be of the same type. If the bloods are of the 
same type, the blood cells group in clusters, that is, agglutination 
takes place; when of different types, the red cells are destroyed, that 
is, hemolysis takes place. 

Brain. — The enlarged portion of the nervous system, located in the 
skull. It is the organ of consciousness, of thought, and of volun- 
tary action. It receives and sends impulses and regulates and con- 
trols the functions necessary to life. 

Caffeine. — An alkaloid found in coffee. 

Caisson. — A large water-tight box in which work is done below the 
water level. The pressure of the air in a caisson is higher than that 
of ordinary atmosphere. 

Calorie. — The amount of heat necessary to raise one gram of water 
one degree C. The greater Calorie equals a thousand calories and 
‘5 used in measuring the heat value of food. 

Cancer. — A malignant disease which originates in the connective and 
epithelial tissues and invades the surrounding tissues, forming a 
poisonous tumor. 

Capillary. — A fine, slender blood tube with a hairlike bore, for con- 
veying blood. The arteries terminate in capillaries. 

Carbohydrate. — One of a group of chemical compounds containing 
carbon combined with oxygen and hydrogen in a definite way. 
The carbohydrates include the group of sugars represented by 
glucose (CsH120s), the double sugars, such as cane (Cy2H2O11) 


and the starches, combined in large chemical masses (CgH0Os )n- 
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in all organic substances. It is present 

erent aa. aaneeeaniT chemical combination with 
hydrogen and oxygen. | 

Carbon dioxide. — A gas having the composition of two atoms of 
oxygen in combination with one of carbon. It is heavy, colorless, 
and incombustible. 

Cardiac muscle. — The muscle of the heart. The word comes from 
the Greek word kardia, meaning heart. 


Carotene.—An orange-red crystalline substance containing carbon and 
hydrogen (CypHs6) found in marine plants, such as shellfish and 
cod, and in plants where it is used as a pigment. Carotene is a 
provitamin, which means that it is a chemical substance from 
which a vitamin is formed. The ultimate source of vitamin A is 
carotene. Animals that live upon plants change the carotene into 
vitamin A. 


Carpus. — The eight small bones which form the wrist. 


Casein. — The name of the protein of milk after it has been coagulated 
by the enzyme rennin. Before coagulation, the protein is called 
caseinogen. 


Castile soap. — A white hard soap made with olive oil. In making 
hard soap the alkali used is soda; if potash is used, the product is 
soft soap. 


Catalyst. — An agent in a chemical reaction which hastens that reac- 
tion but does not enter into it. 


Cavity. — A hollow space or region within the body. The term cavity 
is used to denote a certain region with its surrounding walls, irre- 


spective of the organs contained in it, whether this space be 
actual or potential. 


Cellulose. — A substance that constitutes the chief material of the 
structure of plants. 


Center. — Used here in connection with the nervous system to denote 
a nerve center. A group of nerve cells arranged in a circumscribed 


mass for the purpose of carrying on a particular function or coérdi- 
nation. 


Cerebellum. — A part of the brain lying below and behind the cere- 


brum. It is much smaller than the cerebrum and is concerned with 
equilibrium and allied functions. 


Cerebrum. — The upper and foremost part of the brain. It consists 


of two symmetrical halves, called hemispheres. In man and the 
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higher animals the cerebrum is the chief bulk of the brain. It is 
supposed to be the seat of thought and will. 


Cholera. — An acute epidemic disease caused by the Bacillus of Koch 
a comma-shaped bacillus. 


Choline. — This vitamin is one of the derivatives of the B complex. 
It is important in the metabolism of fat. 


Choroid. — The middle layer of the eyeball. In this layer are the 
blood vessels that supply the eye. 


Chromatin. — Protoplasmic substance found in the nucleus of a cell. 
It is generally regarded as the bearer of hereditary traits. When 
the cell divides by mitosis, the chromatin becomes aggregated into 
definite minute masses called chromosomes. 


Chyme. — The partly digested food in the state in which it passes 
from the stomach into the small intestine to be converted into 
chyle. From the Greek word chymos, meaning juice. 


Coagulation. — The process of solidification of a liquid. This may 
be accomplished by means of heat or by acids. When an egg is 
cooked the protein of the white coagulates. 


Cocaine. — A white, bitter, crystalline alkaloid with the formula 
(CyHoNO,). It produces loss of sensation when injected into 
the skin. 


Combustion. — The action or process of burning. The fire in the 
stove illustrates combustion. In the human body combustion is 
much slower and the continuous combination of chemical sub- 
stances that produces energy for work is similar to the combustion 
in the steam engine that produces energy in the form of steam. 


Comparative anatomy. — The study of the structure of different 
animals and man, with reference to similarities and differences in 
structure and development of organs among the various species. 

Concave lens. — A lens that is curved inward like the inner surface of 
an egg shell. 

Conductivity. — Ability to carry heat or electricity. In nerves, it is the 
ability to transmit stimuli from one part of the body to another. 

Condyle. — An enlarged and prominent part of a bone. 

Congestion. — An abnormal and excessive accumulation of blood in 
the vessels of an organ or a part. 

Contractility. — Power to change the shape, by shortening, in the case 


of a muscle. In single cells, the shortening in one direction pro- 


duces an increase in diameter 1n the opposite direction. 
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Contraindication. — A sign or symptom indicating the need for 
different treatment. . 3 

Convex lens. — A lens that is curved outward like the surface of a 
sphere. 

Coérdination. — The act of harmonious motion so that parts are 
related to produce movements or actions that are not antagonistic. 

Corpus callosum. — A great band of nerve fibers that runs transversely 
across the brain, connecting the two hemispheres. As compared 
with other parts of the brain, this band is very hard and it receives 
its name from being a “‘hard body.” 

Corpuscle. — One of the cells of the blood. There are red corpuscles 
and white corpuscles. 

Corrective exercises. — Exercises for the purpose of correcting de- 
formities of the skeleton, and displacements of the vital organs. 

Cranial. — Relating to the cranium or to an organ within the cranium, 
as the brain. 

Cranial nerves. — The nerves that come off from the brain, There are 
twelve pairs and these include the optic (to the eyes), the auditory 
(to the ears), the facial (to the face), and the vagus (to the heart). 

Cranium. — The skull of a vertebrate animal. 

Cretin. — A person suffering from cretinism, a condition of idiocy 
accompaaied by deformity, brought about by a deficiency in the 
secretion of the thyroid gland. 

Crystalline. — Resembling a crystal; transparent; clear. 


Culture. — Cultivation of microscopic or anisms such as bacteria, in 
ae ee 
prepared nutrient material (media); also the growth which is the 
intended product of it. 


Decomposition. — The process of breaking up a substance into its 
constituents. 

Deformity. — A condition which varies from the normal, and is usu- 
ally applied to abnormality of the skeletal system. 

Degeneration. — That condition of a tissue or 
vitality has become diminished or perverted. 

Deltoid. — The muscle that covers the point of the shoulder, so called 
because of its shape. It is triangular, like the Greek letter delta. 

Dendrites. — The treelike branches of a nerve cell. 
ceives the nerve impulse from the axon. 


Dengue fever. — This is an acute infectious dise 
subtropical regions which is caused by 


an Organ in which its 


The dendrite re- 


ase of tropical and 
a filtrable virus and is 
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transmitted by mosquitoes. It has been known by the names 
break-bone fever, giraffe fever, three-day fever, and others. 


Dentine. — The hard substance below the enamel. It forms the major 
part of the tooth. 


Depressant. — A substance that causes body cells to be less sensitive 
to stimuli, and that renders response to them difficult. 

Development. — A series of changes by which the body progresses 
from a lower to a higher type of being. Growth may best be 
thought of as an increase in substance; development refers to the 
organization of that substance. 


Dextrin. — A brownish-white compound with the chemical formula 
(CHO w). 

Diabetes. — A disease of nutrition in which the patient is unable to 
burn sugar in the body cells. 

Diaphragm. — A muscle situated between the cavity of the chest and 
the abdomen. It is the chief muscle of respiration. When it 
contracts it descends and causes air to rush into the lungs; when 
it relaxes it rises and forces the air out. 

Diastole. — The period in which the heart is not contracting. It 
includes the time of relaxation of the heart muscles and the rest 
before the next contraction. 

Dietary. — A systematic arrangement or schedule of diet. 

Diphtheria. — A disease caused by the Bacillus diphtheriae. The organ- 
isms grow on the mucous membrane of the throat, larynx, and 
nose, and produce toxins which, when circulating in the blood, 
cause injury to the heart and nerves. 

Disease. — The general term for any deviation from health. It may be 
caused by destruction of essential body cells, or by poisoning so 
that the cells are unable to function properly. 

Dislocated. — Displaced. The term here refers to the displacement of 
a bone from its normal position in a joint. When a dislocation 1s 
not remedied, a deformity results. 

Dispensary. — An institution where patients are examined and treated, 
and medicines are prescribed and given. 


Dynamo. — A machine driven by steam or some other force, which 
converts the energy of the machine into electrical energy 1 the 


form of an electric current. 


Dynamometer. — An instrument for mea 
by the muscles in doing work. 


suring force or power exerted 
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Dyspeptic. — One who has dyspepsia. Dyspepsia is an old term to 
denote difficult and painful digestion. Today the term “‘indiges- 
tion” is used and is more acceptable. In one respect the older 
term is satisfactory. It comes from Greek origins, dys meaning 
bad, and pepto cook. Bad cooking is often the cause of indigestion. 

Efferent (nerves). — Conducting away from the cord and brain. For- 
merly these were termed “‘motor’’ nerves; but not all efferent 
impulses are motor and thus efferent and afferent are more desirable 
terms than motor and sensory. 

Elasticity. — The property of a tissue which permits expansion and 
return to its former size or position. 

Emulsify. — To convert into an emulsion. 

Emulsion. — A liquid mixture in which a fat or oil is suspended in 
minute globules. Milk is an emulsion. The butter fat is sus- 
pended in such minute globules that they do not appear in fresh 
milk. After milk has ‘‘stood’’ for some time, the fat will rise to 
the top because it is lighter than the other elements in the milk. 

Endocrine.—A type of gland which, being ductless, gives its secre- 
tions directly into the blood and lymph. 


Energy. — The quality which permits activity and represents force. In 
physics it is the capacity for performing mechanical work. There 
are different forms of energy and one form may be changed into 
another. No energy is ever lost. 


Environment. — All the external surroundings of an organism, con- 
sidered together. Air, climate, food, housing, clothes, work, and 
play, all make up the environment. 


Enzyme. — A substance that induces digestive chemical action in the 
food elements without entering, itself, into the chemical change. 
The ptyalin of the saliva is an enzyme. 


Epiblast, or more commonly, ectoderm. — The outermost layer in the 


developing embryo. It forms the skin, the hair, the teeth, and the 
nails. 


Epiglottis. — A small leaflike structure above the glottis. The glottis 
is the name given to the upper end of the larynx. 

Epithelium. — The tissues in which the cells are arranged to cover free 
surfaces and to form the active structural element of the glands 
that secrete. The arrangement of the epithelium is very orderly; 
the epithelium of the mouth can readily be distinguished from the 
epithelium of the skin, stomach, or liver. 


Equilibrium. — A state of control of the body; balance. 
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Ergograph. — An instrument for recording work done by the muscles. 
Mosso, an Italian physiologist, invented the first ergograph. The 
word comes from ergon, meaning work, and graphos, writing. 


Ergosterol. — A preparation now made from yeast. It is supposed to 
be the element in foods and in the body which, when exposed to 
ultraviolet rays, Cures or prevents rickets. Efforts to identify and 
isolate vitamin D disclose that ergosterol is practically identical 
with this vitamin. 


Esophagus. — A tube composed of muscle and membrane, about ten 
inches long. It serves to carry food and drink from the mouth to 
the stomach. It is sometimes called the gullet. 


Eugenics. — The science of improving the human race by improving 
heredity. Term first used by Sir Francis Galton. 


Euthenics. — The science of improving the human race by improving 
environment. 


Excretion. — The discarded waste from the body. This waste matter, 


which is thrown off by the cells, illustrates the catabolic aspect of 


metabolism. Excretion is not to be confused with secretion. Al- 
though both are produced by the cells of the body, the former 
serves to remove waste, and the latter promotes activities of the 
body. The term excretion, like secretion, may refer to the process 
itself, as well as to the concrete substances resulting from the 
process. 


Expiration. — The act of breathing out or exhaling. It comes from 
the Latin ex, meaning out, and spiro, to breathe. 


Fat. — A greasy, easily melted, and soluble compound, forming a part 
of animal tissue and, to a lesser degree, plant tissue. Fat consists 
of fatty acids such as palmitic, stearic, oleic, butyric, in combina- 
tion with glycerin. The formula of butter, a common fat, is 

Fatigue. — A condition of diminished ability to do work. The amount 
of fatigue varies under different conditions. Fatigue of muscle can 
be measured by the ergograph. 


Fatty degeneration. — That process, by which the characteristic 
structure of the cell is destroyed, and fat globules become de- 
posited in the cell. Such a change in muscle is serious, because 
fat cannot do the work of the contractile fibers formerly present 
in the cell. 

Fermentation. — A chemical process by which an organic compound 


is decomposed. Decomposition is usually induced by living 


‘ws 
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organisms. The action of enzymes in causing chemical change in 
digestion is also termed fermentation. | 

Fever. — A variation from the healthful state of the body esner 
by an increase in body temperature. It 1s often preceded by a : : 
and is always followed by quickened pulse and respiration. e 
communicable diseases all produce some fever. 


Fibrin. — A substance formed to produce blood clot. In the blood 
there is a protein called fibrinogen. When blood is drawn from a 
blood vessel, the fibrinogen changes into fibrin. The fibrin is 
tough and elastic in structure and holds the blood cells in a firm 
mass. This is the clot. 


Folk dances. — Dancing that has been derived from the peasants of a 
nation, as a rule. The folk dance arose spontaneously in an effort 
of the people to express their thoughts, feelings, and emotions. 


Follicle. — A minute cavity, sac, or tube. 


Formula. — A group of symbols showing the composition or struc- 
ture of a chemical compound. 


Fracture. — A break. Used with reference to bones. A broken bone 
is called a fracture. In some fractures the deformity may not be 
apparent except by means of an X-ray. 


Fulcrum. — The support on which a lever rests and by means of which 
it is supported. 


Fungus. — A plant without chlorophyll that derives its nourishment 
entirely from organic compounds. Plants having chlorophyll 
obtain their nourishment by using inorganic compounds. (The 
plural form of fungus is fungi.) 

Gall bladder. — A muscular bag that lies on the under surface of the 
liver and holds the bile secreted by that organ. 


Gamma globulin. — This is one of the proteins of the blood and has 


special qualities that protect against the virus which causes 
measles. 


Ganglion. — A group of nerve cells lying outside the spinal cord. 


Gastric juice. — A thin acid fluid secreted by the glands of the stom- 
ach. These glands are composed of epithelium and produce 
hydrochloric acid and also pepsin and rennin. These substances 
form the chemical essentials in the Juice and are responsible for its 
action. 

Gastrocnemius. — A large muscle of the leg, 


A lai so called because of its 
large belly and its situation on the lower | 


eg. 
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ee 5 A hard, transparent, tasteless substance obtained from ani 

mal tissue such as skin, hoof, and hor i A 
; : ns. It dissolves rea i 

hot water. ge 


Gelatinoid. — A substance similar in composition to gelatin. 


Genes. — Minute substances in the chromosomes which determine a 
person’s traits and characteristics which are inherited from the 
parents. 

Germicide. — A substance capable of killing bacteria. 


Giantism. — A condition of the body in which all parts are enlarged 
and the person appears as a giant. This condition results from 
disturbed secretion of the pituitary gland. 

Globule. — A small spherical structure. 


Globulin. — One of the proteins. The chief globulins in the body are 
serum globulin and fibrinogen of the blood, myosinogen of 
muscle, and globin in combination with hematin in the red cor- 


puscle. 

Gluten. — An essential element in the cereal wheat. It gives to the 
flour important nourishing characteristics. It is a protein. 

Glycogen. — A complex compound of sugar. 

Growth. — The process of increasing in size. Growth should be dis- 
tinguished from development, which refers to organization of the 
mass. 

Hallucination. — An apparent perception occurring with no external 
stimulation. 

Hemoglobin. — The iron-containing substance in the red corpuscle, 
chiefly noted for its ability to catty oxygen in chemical combina- 
tion. It is formed from a globulin, globin, and an iron radical 
called hematin. 

Heredity. — The tendency shown by an organism to develop in the 
likeness of its forebear, both physically and mentally. 

Hormone. —A chemical substance produced by endocrine glands. 


Humidity. — Moisture in the atmosphere. This moisture varies at 
different times, and it may be expressed as absolute or as relative 
humidity. 

Absolute humidity. — The amount of water vapor in the air expressed 
in the number of grains of moisture pet cubic foot of air. 
Relative humidity. — The ratio of the actual quantity of moisture in 

the air to the quantity that would saturate it at the temperature 


and pressure of the air at that time. 
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ivi its; thus if a black 
id. — Individual that possesses mixed traits; th 
Be eek pig is mated with a white guinea pig, hybrids will result. 
Hybrid also refers to a plant or animal produced from two different 
species or races. 
Hydrochloric acid. — A colorless, corrosive compound CHCl). Gas- 
tric juice is from .3 to .5 per cent hydrochloric acid. 


Hydrogen. — In chemical terms, hydrogen is represented by the 
letter H. It is a colorless, odorless, tasteless gas. It is very 
abundant in nature, occurring in combination with oxygen to 
form water (H,O) and with carbon (C) to form many organic 
compounds. 

Hydrolysis. —The chemical decomposition of a compound that 
ensues when water (H,O) is absorbed by it. 


Hysteria. — A nervous state in which the individual rapidly changes 
from one emotional state to another, the changes being shown by 
alternate laughing and crying. This condition is often accom- 
panied by a contraction of the throat whicl. gives a choking sen- 
sation. 

Image. — A visible representation of a thing. 


Immunity. — A condition developed in the body either actively by the 
individual or passively by an operator. Active immunity results in 
the course of a disease by the formation of antibodies in the blood. 
Passive immunity is developed by injecting into the blood an im- 
mune serum such as antitoxin, or by such a process as vaccination. 


Impulse. — Represents the change set up in nerve fibers by means of 
stimuli coming either from the endings of the nerve in the cells of 
the body or from the brain or spinal cord. The impulse is a force 
that travels along the nerve. What its nature is has not been defi- 
nitely determined, but it is thought to be an electro-chemical 
phenomenon. 


Infection. — An unhealthy condition developed in the body by the 
entrance of disease-producing organisms into the body. 

Inflammation. — A process in the body characterized in most cases by 
heat, redness, swelling, and pain in the part affected. 

Inhibition. — The checking of the activity of an organ. The effect is 
Opposite to that produced by the accelerator nerves or center. 
The inhibitory nerves of the heart are the vagi. 

Inorganic. — This descriptive term is applied to what is not, or never 


has been, a living organism. In chemistry it refers to substances 
that relate to the world of minerals and their compounds. 
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Inositol. — This is one of the vitamins derived from the B complex 
It is a crystalline substance with a sweet taste. Its function in 
human nutrition is unknown. 


Insanity. — An abnormal or deranged condition of the mind caused by 
diseased processes in the brain or nervous system. The individual 
lacks the ability to think and act in the way which is considered 
by most people to be sane. There are various types of insanity 
with different symptoms and characteristics. 


Insecticide. — A chemical that kills insects. There are many insecti- 
cides but the best one developed is known as DDT. 


Insertion. — The point or points of attachment of a muscle to a bone. 
The insertion, as contrasted with the origin, the other attachment, 
is considered as more movable. Another distinction between inser- 
tion and origin is that the latter is on the bone nearer the center of 
the body, and the insertion farther from the central part of the body. 


Inspiration. — The act of breathing in. Its derivation is similar to the 
derivation of expiration. 

Instinct. — A natural, spontaneous impulse moving to action without 
the intervention of reason. This impulse acts most powerfully in 
connection with the preservation of the individual and of the race. 

Insulin. — A watery solution containing the active substance of the 
Islands of Langerhans of the pancreas. It is used to remedy dia- 
betes. 

Intercostal. — One of a group of muscles attached between the ribs 
and concerned in respiration. 

Irritability. — The responsiveness that living matter shows to more or 
less rapid changes in external conditions, manifested by motion, 

change of form, and in other ways. 

Kidneys. — Two organs situated in the back part of the abdomen, 
one on each side of the spinal column. The cells are mainly of 
epithelium and secrete from the blood, as it passes through the 
kidneys, the waste that forms the excretion known as “rine. 

Kinetic energy. — The energy of action. It belongs to every body in 
motion and is to be distinguished from potential energy. 

Lachrymal. — This term is applied to the gland which secretes tears, 
to the duct which carries them overt the eyeball; and to the secre- 
tion itself. 


La Grippe. — An acute epidemic 
onzae. It is easily communicable. 


is useful in preventing the disease. 


disease caused by tne Bacillus influ- 
A vaccine recently discovered 
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Larva. — An intermediate state of some kinds of animal life between 
the egg form and adulthood. This type of development is seen 
especially in insects. | 

Larynx. — The upper part of the air tube. It contains the vocal cords. 


Laxative. — A substance which stimulates the action of the intestines. 
It acts by increasing peristaltic action. 

Lens. —A structure capable of directing rays of light. It may focus 
the rays to a point, as in the case of a convex lens, or diffuse them, 
as in the case of a concave. 

Leucocyte. — One of the white corpuscles. It is capable of amoeboid 
movement and ingests bacteria. A leucocyte has a three-lobed 
nucleus. 

Ligament. — A band of firm, compact, fibrous tissue that closely binds 
related parts together. It is most often found binding the ends of 
two bones together to form a joint. 

Liver. — A large gland composed mainly of epithelium, situated in the 
upper part of the abdomen on the right side. It secretes a liquid 
called bile; it stores sugar in the form of glycogen; and it removes 
certain waste substances that come to it in the blood. 

Lockjaw. — The popular name for a dangerous disease that becomes 
apparent by an early affection of the jaw muscles. The disease, 
tetanus, is caused by the Bacillus tetani. This organism is prevalent 
in soil, especially around barnyards and richly fertilized fields. 

Lumbar. — Pertaining to the region near the loins. 


Lung capacity. — The amount of air that can be breathed in by the 
greatest possible inspiration after the greatest possible expiration. 
It is measured by an instrument called the spirometer. 

Lymph. — The fluid that bathes the cells and lies in the spaces between 
the cells. It is carried to the heart by the lymphatics. It is derived 
from the plasma of the blood. 

Lymphatic. — A tube composed of thin cells and serving to carry the 
lymph from the cell and tissue spaces back to the heart. 

Lymph nodes. — Small glandular structures situated along the course 
of the lymphatics and especially numerous at the joints. They 
serve to take out of the lymph poisons that would injure the body. 

Lymphocyte. — One of the white corpuscles. Lymphocytes are of the 
large and small variety. They have a single, spherical nucleus. 

Malocclusion. — When the teeth do not come together in the jaws in 


sy manner as to give a good bite, the condition is called maloc- 
clusion. 
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Marihuana. — Mexican name for hemp plant. The flowers and leaves 
are dried, crushed, and made into cigarettes. The smoking of 
these cigarettes produces a variety of undesirable effects ranging 
from stupidity in some people to the wildest frenzy in others. 


Marrow. — A soft, vascular tissue found in the cavities of bones. It 
contains fat and many cells of the blood. 


Masseter. — A muscle of the jaw used in chewing. 
Matrix. — The formative cells from which a structure grows. 


Mechanism. — The structure by means of which action is secured. 
The neuro-muscular mechanism refers to the arrangement between 
the nerves and muscles by means of which certain types of action 
are secured. 

Medulla oblongata. — The extreme upper part of the spinal cord, 
forming the connecting structure between the cord and the brain. 
It is cone-like, and about one inch long. It contains important 
nerve centers such as the respiratory center, the cardiac center, and 
the vaso-motor center. 

Medullated. — Covered with a soft fatty substance, that is, with a 
medulla. 

Membrane. — A thin sheetlike structure composed of epithelial cells 
and serving to line a cavity, tube, or follicle. 

Menadione. — This is the nonproprietary name for vitamin K as 
authorized by the Council on Pharmacy and Chemistry of the 
American Medical Association. 

Mental defective. — One who is deficient in mental power. Such per- 
sons comprise a large part of the criminal class, are burdens on 
society, and are generally troublesome. 

Mesentery. — The membrane which keeps the small intestines in 
position. 

Metabolism. — The act or process by which, on the one hand, food is 
built up into living material, and by which, on the other hand, the 
living matter in protoplasm is broken down into simple, waste ele- 
ments for removal from the body. Sometimes the building up of 
food into protoplasm is called anabolism; the breaking down into 
simple waste products, catabolism. 

Metacarpus. — That part of the hand between the wrist and fingers. 
It comprises five bones. 

Metatarsus. — That part of the foot between the ankle and the toes 
It comprises five bones. 


Microbe. — A name sometimes used for 2 bacterium or germ. 
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Mobility. — The quality of being freely movable. . 

Morphine. — A bitter, crystalline, narcotic alkaloid with the formula 
Cyz7HigNO3. It is a derivative of opium. 

Mortality. — The death rate of a group is called the rate of mortality. 
Mortality means death. 

Multicellular. — Possessing many cells. 

Myosin. — Formed from myosinogen. It comprises 75 per cent of the 
protoplasm of muscle tissue. It is a protein. 

Narcotic. — A substance that produces depression of activity in the 
body. In large doses it may produce stupor and even death. 
Negative pressure. — The pressure of the atmosphere in millimeters 
of mercury is 760. A pressure less than 760 mm. of mercury is a 

negative pressure. 

Neurone (sometimes spelled mewron). — A nerve cell with its dendrites 
and axon and hence the structural unit of the nervous system. 
Neutralize. — To render inert, incapable of further action. Acids 

neutralize alkalies, and vice versa. 

Niacin. — One of the derivatives of the B complex is nicotinic acid. 
It has the formula CsH;O,.N. Owing to several objections to 
the term, this chemical is now generally called niacin. 

Nourishment. — That which sustains the life and promotes the 
growth of the individual. 

Nucleolus. — A small, well-defined particle found within the nucleus 
of the cell. It is easily stained with staining fluids, and because it 
absorbs stain more readily than the nucleus, it is distinguished 
without difficulty. 

Nucleus. — A round or oval body within the protoplasm; it is sur- 
rounded by a delicate membrane. The nucleus is responsible for 
the vital functions of the cell. 

Nutritive. — Having properties which promote nutrition. 

Obesity. — A condition of abnormal fatness with accompanying un- 
soundness of organic functions. 

Octave. — The interval between a note and the note that gives twice 
as many or half as many vibrations in a second. 

Odontoblasts. — Tooth-forming cells. 


Opiate. — A substance allied to opium and capable of inducing sleep. 


Opium. — A product of the unripe capsules of the poppy. Chemically 


itis a mixture of different alkaloids, chief among them being codeine 
and morphine. 
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Organic. — Relates to organism and pertains to animal and vegetable 
life. An organic compound always contains carbon, hydrogen 
and oxygen. Some organic compounds may contain a metal as, 
for example, hemoglobin, which contains iron. oa 


Organism. — A body composed of different organs or parts perform- 
ing functions that are mutually dependent and essential to life. A 
single cell may be considered an organism although the different 
parts are not readily distinguished. 


Origin. — One of the points of attachment of a muscle to a bone. It 
is attached at the more stationary part of the bone or is nearer the 
central part of the body. 


Ovum. — A cell produced by the generative organs, the ovaries, of the 
female. It is capable of producing a new individual. 


Oxidation. — The process of uniting of some chemical substance with 
oxygen. All combustion in the body is an example of oxidation 
and the ability of oxygen to unite with chemical compounds and 
cause combustion with the production of energy is oxidation. 


Oxygen. — In chemical terms, oxygen is represented by the letter O. 
It is a colorless, tasteless, odorless gas, very abundant in nature. 
It was first discovered by Priestley in England. It combines with 
other chemical elements, and all mechanical power obtained from 
combustion, whether through the medium of steam, electricity, or 
muscular action, depends upon oxidation. 

Pancreas. — An organ of digestion concerned in the metabolism of 
fat, sugar, and protein. 

Pantothenic acid. — This vitamin derived from the B complex has 
the formula (CyHigNO3s)Ca. It is held by Spies that this vitamin 
is essential in human nutrition. 

Papilla. — A very minute tiplike projection or process. (The plural 
form is papillae.) 

Para-aminobenzoic acid. — This vitamin is one of the derivatives of 
the B complex. It may be related to the graying of hair. 

Paralysis. — Loss of the power of contractility in the voluntary or 
involuntary muscles of the body. 

Paramecium. — A small form of animal life with an elongated, ciliated 
body. The mouth is in a pit on the under surface of the body. 


Parasite. — An organism that lives on or in another, called its host, 


from which the parasite derives its nourishment. . 
Parathyroid. — Any of four small glands situated under the thyroid 
gland in the neck. They function in the usage of calcium in the 
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cells. Deficiency of the secretion of these glands causes nervous 
disorders. 

Pasteurize. — To heat milk to a temperature from 150° to 155° F. for 
twenty to thirty minutes, for the purpose of destroying the bacteria 
of the milk. This method was originally proposed by Pasteur, a 
great French scientist. 

Pathogenic. — Disease producing. The term is used commonly to 
refer to microOrganisms that produce disease in man. 


Pellagra. — Disease affecting the nerves, digestion, and skin. One 
substance, niacin, derived from vitamin B, is a preventive of 


pellagra. 
Pellicle. — A thin film. 


Penicillin. — This drug is produced from mold and has marvelous 
powers in destroying virulent bacteria. 


Perception. — Understanding of the sensation that is received. 


Periapical. — The root tip of a tooth is called the apex. Periapical 
refers to conditions around the apex of a tooth. It is often used 
in connection with an abscess in this area, a periapical abscess. 


Periodontal. — This term refers to the soft structures around the 
tooth, particularly to the gums. 


Periosteum. — The fibro-vascular membrane that covers and nourishes 


bone. In this membrane run the blood vessels which carry nourish- 
ment to the bone. 


Peripheral. — Relating to what is distant or away from the center. 


Peristalsis. — The wavelike contraction that passes over the intestines, 


stomach, and esophagus, due to the contraction of the circular and 
longitudinal muscle fibers. 


Perspiration. — The product or the secretion of the sweat glands of 
the skin. This is an example of an excretion. 


Pharynx. — The region or cavity at the back part of the mouth through 
which the air passes through the larynx, trachea, and bronchi to 
the lungs, and food and drink through the esophagus to the 
stomach. 


Pigment. — Any substance that gives color to animal or vegetable tis- 


sues as exhibited in the skin, the hair, the eye, and the leaves and 
flowers of plants. 
Pineal body. — Structure loc 


sidered by some scientist 
unknown. 


ated at the base of the brain. It is con- 
S as an endocrine gland. Its function is 
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Pituitary (gland). — Small gland, located at the base of the brain, 
which regulates (along with other factors ) the size of an individual. 
This gland has a portion which causes g/antism when its secretion 
is increased in amount and dwarfism when its secretion is decreased. 


Plague. — A pestilence or severe epidemic disease. In the Middle Ages 
plagues were common. Today they are less common because we 
know the causes of them and are able largely to combat their 
spread. 


Plasma. — The liquid portion of the blood. 

Pons. — Usually called the Pons Varolii after the anatomist of Bologna, 
Constanza Varoli. It contains the fibers which connect the two 
hemispheres of the cerebellum. 

Potential energy. — The energy that is in the substance or mechanism 
but not as yet in action. It represents the energy that is available 
for action. The energy in food is potential but when the food 
undergoes oxidation and when combustion results, the energy 
becomes kinetic. 

Precipitated chalk. — A heavy, fine powder, obtained by precipitating 
calcium carbonate. It is much used in tooth powders. 

Primitive. — Pertaining to the earliest times, before the earliest civili- 
zation. 

Properties. — Distinguishing characteristics. Qualities that make the 
object what it 1s. 

Protein. — A highly complex chemical compound containing carbon, 
hydrogen, oxygen, nitrogen, and often sulphur. It contains nitro- 
gen, and so differs from fat and carbohydrates. 

Prothrombin. — It is not uncommon for substances to exist in a 
nonactive state; the prefix pro is used to designate this condition. 
Prothrombin is the inactive form of thrombin. 

Protoplasm. — The semi-liquid, somewhat granular substance that 
forms the principal portion of an animal or vegetable cell. As it 1s 
present in all organized bodies, Huxley called it ‘‘the physical basis 
of life.” 

Psycho-motor. — A term that expresses the functioning of the neuro- 
muscular mechanism. 

Ptomaines. — Waste matter (alkaloids) present in decaying meat and 


vegetables. “‘Ptomaine poisoning” is not due to the waste de- 
veloped in the food eaten, but to a distinct infection due to certain 


bacteria which may form in the decaying matter. 
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Pulp. — The soft tissue composed of blood vessels and nerves, found 
within the cavity of a tooth. 

Pupil. — The opening in the center of the eye caused by the arrange- 
ment of the iris muscle. This muscle has a circular and radial 
arrangement and can constrict or dilate the pupil. 

Putrefaction. — The act of breaking down of an organic compound. 
It represents decay and decomposition. 

Pylorus. — The gateway between the stomach and small intestine. 

Pyridoxine. — This vitamin is one of the B complex. At first it was 
known as Bg, but as its formula became known (CsHj,O3NC1) it is 
called by its chemical name. How it functions in human nutrition 
is unknown. 

Quarantine. — Preventing for a fixed period of time (originally forty 
days, quadraginta, forty.) communication with persons, ships, or 
goods arriving from ports infected with communicable disease. 

Rectum. — The lower part of the colon. It consists of muscular tissue 
and mucous membrane and is supplied with nerves. 


Reflex. — An act that takes place without the direction of the brain. 
It occurs before the individual is conscious of the act. He may be 
conscious afterwards that he has acted, but he has given no direc- 
tion in the process. 


Reproduction. — The process by which an animal or plant gives rise 
to another of its own kind and therefore the process by which life 
is continued from one generation to another. 


Resonance. — A prolongation or reénforcement of sound by means of 
sympathetic vibration. The vibrations of the resonating chamber 
must come at the same time as the vibrations of the instrument 
producing the sound. 


Respiration. — The act of taking in and breathing out air. 


Retina. — The innermost layer of the eyeball. It is formed by the 
branched endings of the optic nerve. 


Rheumatism. — A condition in the body caused by disease-producing 
organisms. These get into the blood and attack the membranes of 
the joints and heart valves. The entry is most often made through 
the cavities of teeth or infected tonsils. The disease is not caused 
by uric acid. 

Riboflavin. — This important vitamin was formerly known as G. It 
has the formula CizHoN4Oo. It is essential in human nutrition. 


Rickets. — Disease characterized by softening of the bones and due 
to deficiency of vitamin D in the diet. Rickets is prevalent in 
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places of little sunshine. The ultraviolet rays in sunshine develop 
vitamin D in the blood. Where the sun shines little this vitamin 
: may be added to the diet by eating certain fish products. 

Rickettsiae. — One of the forms of life that causes certain diseases 
in man was discovered by Howard Taylor Ricketts. His work 
was so significant that the organisms he identified have been 
named the genus Rickettsia. These organisms live only in the 
arthropods, such as lice, ticks, mites, and possibly others, and in 
man, to whom they are transmitted by the bite of the agent. 

Sacral. — Relating to the sacrum, near the sacrum or coming from 
the sacrum. 

Sacrum. — A bone, consisting of five fused vertebrae, which is located 
at the base of the vertebral column and forms part of the pelvic 
girdle. 

Saliva. — A tasteless, odorless, slightly viscid, alkaline secretion of 
the salivary glands of the mouth. 

Sartorius. — A long muscle of the thigh; so called from its use in 
crossing the legs, as of tailors. Sartor meaning a patcher, hence a 
tailor. 

Sclera. — The outermost layer of the eyeball. It is formed of con- 
nective tissue and provides the eye with a firm capsule. 

Scurvy. —A disease due to deficiency of vitamin C in the diet and 
characterized by changes in the blood and gums, hemorrhages, 
and excessive weakness. Deficiency of this vitamin can be reme- 
died by adding to the diet fresh fruits, especially citrus fruits, and 
fresh vegetables. 

Secretion. — A substance separated from the blood by the cells 
developed for that purpose. This substance plays some useful 
part in the body. It is to be distinguished from the term excretion. 

Section. — A picture or view of a part of body that would be seen if 
it were cut by an intersecting plane. If the cut is made across, 
the section is transverse, if lengthwise, it is called longitudinal 
section. 

Sedative. — A medicine having the power to quiet and soothe the 
body. e 

Sensation. — A conscious state resulting from a stimulus. 

Sensitive. — A quality of being easily affected by outside operations 
or influences. 

Serous membrane. — A delicate tissue composed of flattened cells 
that line the large cavities of the body. These cells secrete a fluid 
called the serous fluid. It is similar to the serum of blood. 
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Serum. — The plasma of the blood is called the serum, but the term is 
also used to designate the material used for immunizing purposes. 
Antitoxin is a serum and is made from the plasma of a horse. | 

Sinus. — Any of various cavities or openings in the facial portion 
of the skull. There are the frontal, ethmoid, maxillary, and 
sphenoid sinuses. These cavities connect with the mouth or nasal 
passages and are lined with mucous membrane. 

Socket. — A cavity or opening especially adapted to receive some 
correspondingly shaped piece. 

Somnambulism. — Performing the act of walking and other purposive 
acts during sleep. 

Specialization (or differentiation ). — The setting apart of an organ or 
member for performing a particular function. 

SpermatozoGn. — The germ-cell of the male which joins with the 
ovum in reproducing a new individual. These cells are composed 
of protoplasm and illustrate specialization. 

Spinal cord. — That part of the nervous system which lies within the 
spinal canal formed by the consecutive openings in the bodies of 
the vertebrae. The nerves from all parts of the body join the spinal 
cord. At the base of the skull it joins the brain. The brain and 
spinal cord are called the cerebro-spinal nervous system. 


Spinal nerves. — Nerves that have an attachment with the spinal cord. 


They coiaprise nerves going to the cord and nerves coming away 
from the cord. 


Sprain. — The injury to ligaments of a joint. This may be a stretching 
or, if severe, an actual tearing. The word strain is applied to the 
same sort of injury to a muscle. 

Statistics. — A mass of facts pertaining to a body of things, systemati- 
cally gathered, classified, and tabulated. Statistics are essential in 
the conduct of a large business, in manufacturing and in all 
scientific studies. 


Stereoscope. — An optical instrument for blending into one image 
two pictures of an object. 

Sterilize. — To render sterile or free from bacterial life. 
relates to the process by which bacteria on instrumen 
and all objects are destroyed by heat or by chemicals, 

Stimulant. — A substance, force, or condition that excites action in 
the body, either by acting on the nerves through the skin or by 
entering the circulation. Typical stimulants acting on different 
parts and in various ways are spices, mustard, camphor, am- 
monia, strychnine, light, heat, sun’s rays, electricity, joy, hope. 


The term 
ts, gauze, 
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Stimulus. — Something that excites or sets into activity. 


ene An enlargement of the alimentary tract that serves to 

old food while it is being acted upon by digestive juices secreted 
by the stomach. 

Strychnine.— A white crystalline poisonous compound with the 
formula Co1H22N2Or. It is a strong stimulant of the nervous sys- 
tem and highly poisonous. 

Surgeon. — One who by training, skill, and experience is able to treat 
diseases, injuries, and conditions of abnormality by means of 
manual methods or by the use of instruments. 

Susceptibility. — The yielding or succumbing readily. Resistance is 
the contrasting quality. One who has little resistance shows sus- 
ceptibility. 

Sympathetic. — A part of the nervous system of the body that origi- 
nally was supposed to be concerned in acts that were of a sym- 
pathetic character. The name is now autonomic because it is known 
that the chief characteristic of this system is the ability to carry on 
its activities without direction or help. Also its activities involve 
more than was connoted by the term “sympathetic.” 

Symptom. — A sign or indication that serves to point out the existence 
of some condition. Pains in the body may be symptoms of a con- 
dition of abnormality in the body. 

Synapse. — The place of meeting of the dendrites of one neurone with 
the terminal arborization of another neurone. 

Systole. — The contraction of the heart. 

Tarsus. — The seven small bones which form the ankle. 

Temperature. — The condition of the body or of a substance with 
reference to heat and cold. 

Temporal. — This term is applied to a cranial bone on each side of the 
forehead, and to a muscle that is located at the side of the head 
near the temple. 

Thiamine. — This is a vitamin that is sometimes called By. It has 
the formula CyHisNsOSCle. It is essential in human nutrition. 

Thorax. — That part of the body situated between the neck and the 
abdomen, and enclosed by the spinal column and ribs. 


Thoracico-lumbar. — Pertaining to the thoracic and lumbar regions 


of the vertebral column. 
Thrombin. — This substance changes the fibrinogen 
into fibrin and thus forms a clot. Its inactive form is 


of the blood 
prothrombin. 
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Thromboplastin. — This substance exists in the platelets of the blood 
and is set free when there is an injury of blood vessels. In the 
presence of calcium of the blood the thromboplastin acts upon 
prothrombin to change it into thrombin. | 

Thyroid (gland). — Situated in the neck below and at the sides o 
the Adam’s apple. The secretion of the thyroid contains a sub- 
stance called shyroxin which controls the rate at which energy is 
released in the cells. Thus it regulates the speed at which chemical 
action goes on in the cells. 

Tissue. — An arrangement of cells in a definite manner. The cells of 
one kind are grouped in masses. 

Tonic. — A medicine or regimen having the power to invigorate and 
build up the body. Medicines act as tonics chiefly by increasing 
the appetite. Fresh air, out-door play, change of activity, work, 
and sleep are the best tonics for the body. 

Tonsil. — A small lymphatic gland on each side of the throat at the 
entrance to the pharynx. 

Toxin. — The poison developed by bacteria. 

Toxin-antitoxin. — A mixture of toxin and antitoxin, especially of 
diphtheria toxin and enough antitoxin to nearly neutralize it, used 
in immunizing against the disease for which it is specific. It 
produces active immunity. 

Toxoid. — A toxin, as that of diphtheria, treated so as to destroy its 
toxicity, but still capable of formation of antibodies on infection. 


Trachea. — That part of the respiratory system that connects the lungs 
with the mouth and nasal cavities. 


Trachoma. — A very contagious disease of the eye. 

Transfusion. — A transfusion of blood is the passage of blood from 
one person to another. In the first methods of this operation 
there were many failures, but since blood types have been 
recognized and technics for controlling the clotting of blood 
have been perfected the operation is uniformly successful. 


Trapezius. — A large flat muscle of the back Shaped like a trapezoid 
when the two muscles are viewed together. 

Triceps. — A muscle at the back of the upper arm. It has three heads. 

Tsutsugamushi. — This disease is one of the infections with rickett- 
stae. In this group are included the tsutsugamushi disease of 
Japan, the rural typhus of Malaya, and the mite fever of Sumatra. 


Tuberculin. — A liquid prepared by growing Bacillus tuberculosis in a 
broth culture. 
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Tuberculosis. — A disease caused by the Bacillus tuberculosis. This 
organism may attack almost any structure in the body. There 
may arise tuberculosis of the lungs, of the liver, of the brain, of 
the kidneys, of the intestines, and other organs. The sielecan 
also may be infected, for example in hunchback. 


Turbinate. — Top-shaped. The turbinate bones of the nose are of 
this shape. 


Typhoid fever. —A disease caused by the Bacillus typhosus. This 
organism attains entrance to the body through water, milk, or 
food that has been contaminated by a person suffering from the 
disease. 

Unicellular. — One-celled. Consisting of a single cell. 


Urea. —A soluble, colorless, crystalline compound, COCNH2)p, 
formed in the oxidation of protein in the body, and excreted by 
the kidneys. ; 

Uric acid. — A white chemical compound composed of carbon, hydro- 
gen, nitrogen, and oxygen, C;5HyN,Os, resulting from incomplete 
combustion in the body. At one time it was thought to be the 
cause of rheumatism, but it is known now that rheumatism is 
caused by other conditions. 

Uvula. — The tiplike structure hanging down from the margin of the 
soft palate at the margin of the pharynx. 

Vaccination. — A process of developing in man immunity to small- 
pox by inducing a mild form of the disease through the applica- 
tion of the smallpox virus, which is rubbed into a small abrasion 
of the skin of the arm or leg. 

Vaccine. — A preparation of the weakened or the dead bodies of 
bacilli which is used to inject into man for the purpose of develop- 
ing immunity to a particular disease. 

Varicosity. — A condition in which the veins are dilated, twisted, and 
tortuous. 

Vaso-motor. — This term refers to the movement produced in the 
blood vessels. This movement may be constriction in which the 
lumen grows smaller; or it may be dilatation in which the lumen 
grows larger. Vaso comes from vas, meaning vessel. Constriction 
of the vessel is called vaso-constriction; dilatation of the vessel is 
called vaso-dilatation. 

Vein. — A muscular and tubular vessel that conveys blood to the 
heart. It is distinguished from an artery by having less muscle 
and elastic tissue in its wall and by carrying blood to the heart. 
The artery carries blood from the heart. 
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Ventilation. — The process of providing and regulating the circula- 
tion of air. 

Villus. — A minute finger-like projection from the mucous membrane 
of the small intestine. (The plural form is v#//z.) 

Virulent. — Having the characteristics of strength and poison. A viru- 
lent infection is one that is severe and dangerous because the 
poison from the disease is so strong. 

Virus. — This agent of disease passes through filters and so is some- 
times known as a filtrable virus. It is ultramicroscopic but can 
be studied effectively in animal experimentation. 


Vital organs. — The organs of the several systems of the body. 


Vitamins. — Substances essential to the normal development and 
maintenance of health in the human body. These substances have 
been designated by letters, A, B, C, D, etc.; deficiency of any one 
of these will cause serious disorder, such as deficiency of vitamin 
B, causes beriberi; of vitamin C, scurvy. 

Vitiate. — When used in reference to ventilation, it means air that has 
lost the qualities of freshness, and of freedom from dust and bac- 
teria, and that is not of the proper temperature and moisture. To 
vitiate is to injure. 

Vitreous humor. — The glasslike liquid in the back chamber of the 
eyeball. 


Voltaic cell. — A jar containing a liquid in which two metals are im- 
mersed and capable of producing electricity through chemical 
action. 

Waste. — The waste substances in the body result from the chemical 
changes that produce energy. Ashes represent the waste of com- 
bustion when wood and coal are burned. The waste of the cells of 


the body is represented by such substances as carbon dioxide. 
creatin, urea, uric acid, and xanthin. 3 
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Abductors, 147 on physical efficiency, 515-516 
Accelerator nerves, 305 experiments with, 81-82, 515-516, 519 
Accidents, motor, 19 not a food, 513-515 
prevention of, 532-535 oxidation of, 513-515 
Accommodation, 423, 425 use by athletes, 69-70 
Acetanilide, 83, 294 Alibi, 406 
Achilles, tendon of, 143, 146 Alimentary canal, 208-211 
Adam's apple, 452 glands of, 59-61 
Adductors, 147. - mucous membrane, 58 
Adenoids, 133, 220, 221 Allergy, food, 204 
Adhesive plaster, 561 Amino-acids, 231 
Adrenal glands, 98, 443, 446 Ameeba, 31-32, 36 
Adrenalin, 446 Amylopsin, 231 
Absthetic dancing, 171 Anemia, 282 
Afferent nerves, 381 Animals, one-celled, 31-32, 39 
After-images, 426 Ankle, 114, 116 
Agglutination, 286 sprain of, 121 
Agglutinins, 286 Anthracosis, 529 
Air Antibodies, 498 
composition of, 341 Antiseptics, 500 
foul, 342 Antitoxin, 483 
fresh, 342 Anvil Cincus ), 431, 432 
Air-conditioning, 348 Aorta, 292, 297 
Albinos, 47 Appendix, vermiform, 233-234 
Alcohol Appetite, 433 
a poison, 513 and smoking, 274 
and accidents, 517 Aqueous humor, 422 
and blood cells, 323 Arms, 110 
and crime, 518 Aromatic spirits of ammonia, 560 
and insanity, 402, 518-519 Arteries, 288, 294 
and neuritis, 370 and veins compared, 296-297 
and racial effects, 519 aorta, 292, 297 
and sunstroke, 492 hardening of, 323 
effects of, 508-521 hepatic, 237 


on accuracy, 517 pulmonary, 289-291, 335 


On activity, 515 structure of, 295-299 
on athletes, 69-70 Artificial respiration, 553 
on energy, 510 Ascorbic acid, 190 
on liver, 240 Astigmatism, 427, 428 
on longevity, 80-81 Athletes 
on memorizing, 516-517 effect of alcohol on, 69-70 
on mental efficiency, 516 effect of tobacco on, 85 
on muscles, 68-70, 161-162 luncheon for, 202 
on nervous system, 399-402, 519, training rules for, 173-175 
520 Athletics, 172-173 
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Attitudes 
and good manners, 535 
changing, 409 
importance of, 408 
of courtesy, 535 
Auricles, 289 
Autacoids (hormones ), 97, 443 
Automatic centers, 389 
Autonomic nervous system, 376-381 
afferent nerves of, 381 
efferent nerves of, 381 
functions of, 378, 380 
parasympathetic nerves of, 377-378 
plexus, 377 
sympathetic nerves of, 377 
Awkwardness, cause of, 147 
Axon, 71, 362 


Bacillus acidophilus, 217 
Bacillus botulinus, 475 
Bacillus enteritidis, 475 
Bacillus paratyphosus, 475 
Bacteria, 473 

bacilli, 474 

cocci, 474 

destroying, 498-499 

flagella, 474 

pathogenic, 473 

reproduction of, 474 

spirilla, 474 

spore formation, 474 

toxins, 475 
Bacteriolysins, 286 
Bandages, 560-561 
Baseball, 170 
Basketball, 170 
Bathing, 54, 494 

sea, 54 
Beaumont, WILLIAM, 199 
Brecuer, Henry Warp, 403 
Behavior 

by alibi, 406 

by defense, 408 

by fear, 407 

by rationalization, 408 

by running away, 407 
Beriberi, 193 
Bryer, Henry G., 162 
Biceps, 143-145 
Bicuspid, 213 
Bile, 227, 230, 235, 238, 240, 241 
Bile duct, 237 


Biliousness, 242 
Biotin, 190 
Black Death, 478 
Black eye, treatment of, 555 
Blind spot, 424 
Blister, formation of, 54 
Blood 
and lymph, 65 
cells, 279-281 
circulation of. See Circulation of the 
blood. 
clotting of, 323 
coagulation of, 284, 285 
composition of, 279-288 
effect of alcohol on, 323-324 
effect of tobacco on, 324 
function of, 278-279 
plasma, 65, 283, 285-288, 314-316 
purification of, 325 
red corpuscles, 281-283 
sleep and, 322 
typing, 286-287 
white corpuscles, 281, 283 
Blood banks, 287 
Blood count, 282-283 
Blood pressure, 299-302 
emotions affect, 322 
how to take, 301 
measurement, 300-301 
modification of, 302, 303 
Blood vessels, 50, 294-299 
adaptation of, 297-299 
elasticity of, 297 
hemorrhage, 323 
injury to, 323 
pulse, 298 
size of, 302 
structure of, 294-297 
Body 
and mind, 393-394 
care of, 8 
chemical regulation of, 443 
destruction of bacteria within, 498- 
499 
general sensations of, 433-436 
appetite, 433 
hunger, 433 
pain, 435-436 
temperature, 435 
thirst, 433 
injury of 
by chemical agents, 493 


by forces in environment, 472 
by physical agents, 492 
by poisons in food, 487-491 
nourishment of, 509 
organization of, 92-98 
regulative processes, 441-458 
activity and growth, 442-443 
temperature, 441-442 
skeleton framework of, 101-117 
stores energy, 508-509 
Bone, 63-64, 120 
composition of, 113 
growth of, 131-134, 193-194 
Bones 
and muscles, 143-144 
broken, 64, 121, 556 
classification of, 104 
development of, 131-134 
functions of, 101-104 
nourishment of, 120 
uses of, 101-104 
Boric acid, 562 
Bowel 
bleeding from, 558 
care of, 494 
constipation, 270-273 
hygiene of, 270-273 
Bowlegs, 129, 131 
Boxing, 170 
Boys and girls 
difference in structure, 173 
training rules for, 173-174 
Brachial artery, 302 
Brain, 70, 105, 381-389 
cerebellum, 384, 387-388 
function, 388 
cerebrum, 368, 384-387 
centers in, 386-387 
effect of removing, 385-386 
connections in, 367 
cortex of, 383 
covering, 383 
cranial nerves, 371 
inhibitory power of, 382 
medulla oblongata, 388-389 
motor area, 387 
weight of, 383-384 
Bread, 266 
Breath, 451 
Breathing, 330, 337-341, 451-456 
abdominal, 346 
aid to circulation, 313 
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chest, 346 
ease in, 341 
exercises, 345 
mouth, 343 
muscular action in, 344 
nasal, 343 
natural, 347 
organs, 331-337 
Broken bone. See Bones, broken. 
Bronchi, 332, 333 
Bronchial tubes, 333 
Bubonic plague, 477 
Buccinator muscle, 211 
Bureau of Animal Husbandry, 487 
Burn, 555-556 


Czecum, 233 
Caisson disease, 492 
Calciferol, 193 
Calcium, 195 
Calomel, 271 
Calorie, definition of, 182 
needs, 200 
Camping, 167 
Cannon, W. B., 446 
Capillaries, 288, 292, 315 
structure of, 294-297 
Capsule, 115 
Carbohydrates 
caloric value of, 182 
in diet, 199-200 
Carbon dioxide, 315, 345 
Cardia, 224 
Caries, 217 
Carotene, 186-187 
Cartilage, 63 
ossification of, 63 
structure of, 63 
Cascara, 272 
Castor oil, 271, 562 
Catabolism, 35 
Cathartics, 271 
Cell 
as unit of structure, 29 
conductivity of, 33-34 
contractility of, 34 
division of, 31, 35-36 
functions of, 32 
irritability of, 32-33 
metabolism of, 34-35 
nucleus of, 31 
origin of, 32, 36-37 
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Cell (continued) 
protoplasm of, 30 
reproduction of, 35-36 
size of, 29 
structural change, 36-37 
Cells, 28-42 
division of labor among, 38-39 
functions of, 32-36 
interdependence of, 39-40 
Cellulose, 262—263 
Cementum, 215 
Centers in nervous system, 388-389 
Cereals, 265 
Cerebellum, 384, 387-388 
Cerebro-spinal meningitis, 372 
Cerebrum, 368, 384-387 
centers in, 386-387 
effect of removing, 385-386 
Chalicosis, 529 
Cheese, 259-260 
Cholera, 475 
Choline, 189 
Choroid, 422 
Chromatin, 463 
Chromosomes, 463 
Chyme, 226, 241 
Circulation of the blood, 278-306, 
310-325 
and sleep, 322 
breathing aids, 313 
course of, 289-293 
effect of exercise on, 312, 322 
effect of clothing on, 322 
hygiene of, 320 
importance of, 320 
massage aids, 313 
organs of, 95 
position of body and, 313 
regulation of, 302-304 
traced, 293 
See also Arteries, Blood, Heart, Veins, 


etc. 
Circulatory system, organs of, 95, 
278-306 


Cirrhosis, 240 
Clavicle, 110 
Cleanliness, 352, 499 

of food, 494 

of hands, 500 

of mouth, 493 
Clothing, 52-53 
Clotting, 323 
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Coagulation, 284, 285 
Cocci, 474 
Coccyx, 106 
Cochlea, 431 
Coffee, effect of, 86 
on energy, 511 
on nerves, 511 
Colds, 321-322, 477 
Colon, 234 
Communicable diseases, 402, 495-498 
Complexion 
care of, 56 
make-up and, 55 
Concha, 430 
Conductivity of cell, 33-34 
Conjunctiva, 418, 420-421 
Connective tissue, 62 
Constipation, 270-273 
use of drugs in, 271 
use of foods in, 271 
Constrictor nerves, 302 
Contractility, 34 
Contraction, muscular 
alcohol and, 68 
chemistry of, 67-68 
duration of, 68 
fatigue and, 68 
height of, 68 
Cookers 
fireless, 268 
pressure, 268 
Cooking, 265 
Co-ordination of muscles, 154, 360- 
361, 388 
Cornea, 422 
Corpuscles 
red, 279-282 
white, 279-281, 283 
Cowpox, 486 
Cranium, 105-106 
Cretin, 444 
Cross-eyes, 419 
Crystalline lens, 421, 423-424 
Culture, throat, 484 
Cuspid, 213 
Cuts and wounds, 557 


Dairy products, 259 
Dancing 
zesthetic, 171 
folk, 171 
modern, 172 


INDEX 


Dandruff, 50 
Death rate, 14, 80 
DDT, 479, 495 
Deltoid muscle, 145 
Dendrites, 71, 362 
Dentin, 215 
Dermis, 47-48 
Development, stages of, 545-548 
Diabetes, 262 
treatment of, 449 
Diaphragm, 337, 346-347 
Diastole, 289 
Dick, G. F. and G. H., 485 
Dick test, 485 
Diet 
abstemious, 264 
proper, 199 
Dietary allowances, 196 
Digestion, 208 
and emotions, 250, 380 
and environment, 250—252 
and health, 249 
Digestive fluids, 225, 227, 230-232, 238 
bile, 238 
enzymes, 209 
gastric juice, 225 
intestinal juice, 232, 241 
pancreatic juice, 231, 241 
saliva, 211, 212, 241 
Digestive system, organs of, 93, 95, 
208-243 
Diphtheria, 294 
antitoxin, 483 
bacilli, 475, 484 
toxin, 483-484 
Disease 
agents of, 495 
and insanity, 402 
and knowledge, 3-4 
communicable, 402, 495-498 
germ theory of, 481 
immunity, 286 
of the heart, 293-294 
of the lungs, 351 
prevention of, 493-498 
protection against, 483-487 
resistance to, 351 
superstitions about, 502-503 
theories about, 501 
Disinfection, 499 
Dislocation, 121 
Diving, 167 
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Dogs, effect of alcohol on, 81-82 
Dominant traits, 466 
Drowning, first aid for, 553-555 
Drug habit, 82-85 
Drugs, 82-85 

and insanity, 402 

effect of, 82 

for constipation, 271 
Ductless glands. See Glands, endocrine. 
Duodenum, 226 
Dusty trades, 529-532 
Dwarfism, 448 


Ear, 430-432 
care of, 432 
foreign body in, 558 
functions of, 431-432 
gives sense of equilibrium, 432 
structure of, 430-431 
wax in, 432 
Efferent nerves, 381 
Eggs, 259, 268 
Elbow, 363 
Electricity, 492 
Emergencies, first aid in, 553 
equipment for, 563 
Emmetropia, 427 
Emotions, 409 
affect blood pressure, 322 
and digestion, 250, 380 
Enamel, 215, 216 
Endocardium, 295 
Endocrine glands, 97-98, 443-450 
adrenal, 98, 443, 446 
pancreas, 98, 231, 449 
parathyroid, 98, 445 
pineal, 449 
pituitary, 98, 448 
thymus, 98, 446 
thyroid, 98, 444 
Endocrine system, organs of, 97-98, 
444-450 
Endothelium, 295, 296 
Energy 
effect of stimulants on, 510 
obtained from food, 155-156 
source of, 160, 197 
stored, 508-509 
use of, 157 
Enterokinase, 232 
Environment, 11-12, 462, 467, 472 
and digestion, 250-252 
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Environment (continued) 
and heredity, 462 
good, 14-15 
handicaps of, 11-15 
Enzymes, 209, 231-232 
inverting, 232 
Epidermis, 47, 48 
Epiglottis, 222, 332, 452 
Epinephrine, 446 
Epithelial tissue, 46-50, 295 
Epsom salts, 272 
Equilibrium, 432 
and ear, 432 
and muscle sense, 432 
and sight, 432 
Erepsin, 232 
Ergosterol, 193 
Esophagus, 222, 223, 332 
Ethmoid sinus, 106 
Eugenics, 468 
Eustachian tube, 431 
Examination, periodic, 432 
Excretions, 242-243 
Excretory system, organs of, 96-97 
Exercise 
and circulation, 312 
and digestive trouble, 264 
effect of unusual, 322 
effect on growth, 162 
forms of, 165-172 
hygiene of, 153-175 
relation of, to eating, 268 
relation of, to health, 163 
Exercises, respiratory, 345-346 
Expiration, 338, 339-340 
Extensors, 146-147 
Eye, 418-430 
accommodation, 425 
care of, 428-429 
disease of, 421 
external parts of, 418-421 
foreign body in, treatment of, 557-558 
interior structure of, 421-426 
muscles of, 418-419 


Fainting, 557 
Farsightedness, 427-428 
Fasting, 508 
Fat, 62, 183 

azmount in diet, 199-200 
Fatigue, 159, 399, 529 

and work, 529, 530 
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effect on nervous system, 399 
industrial, 529 
meaning of, 510 
Fatty degeneration, 162 
lauces, 222 
Fear, 407 
Femur, 114 
Fencing, 169-170 
Fibrin, 284 
Fibrinogen, 284 
Fibula, 114 
Fingerprints, 48-49 
Fireless cooker, 268 
First aid in emergencies, 553-564 
remedies in, 560-564 
Fish, 259, 487 
Fitness, 154 
maintaining, 409 
Flexors, 147 
Flies, as carriers of disease, 478 
Flour, 260-261 
graham, 261 
white, 262 
whole-wheat, 261 
Folk dancing, 171 
Follicle, 56 
Fontanelle, 105 
Food 
alcohol not a, 513 
allergy, 204 
and energy, 180 
classification of, 197 
clean, 494 
composition of, 182 
constipating, 270 
cooking of, 265-268 
bread, 266 
cereals, 265-266 
eggs, 268 
meat, 265 
vegetables, 267 
digestion of, 208 
energy obtained from, 155-156 
fads, 252 
how much to eat, 199, 203-204 
laxative, 270 
minerals in, 195 
poisons in, 487 
sources of, 254, 255 
to build tissue, 197 
to regulate bodily processes, 197 
to yield energy, 197 


INDEX 


uses of, 182 
vitamins in, 191 
Food and Nutrition Board, National 
Research Council, 188 
recommendations on protein, 200 
Food chart, 196 
Food supply, regulation of, 203-204 
Foot, 110-113 
exercises, 122—123 
flat, 122 
hygiene of, 111-113 
muscles of, 112 
structure of, 111-113 
weakness, 122 
Football, 170 
Foramen magnum, 372, 388 
Fractures, 121, 556 
Fresh air, 342 
Frontal sinus, 106 
Fruits, 256-257 
Fulcrum, in relation to muscles, 143— 
144 
Funny bone, 363 


Gall bladder, 235 
Games, 170 
Gamma globulin, 286 
Ganglion, 364 
Gastric juice, 224—227, 241 
Gastrocnemius muscle, 145 
Gauze, sterile, 560 
Genes, 463 
and heredity, 464 
defective, 468 
paired, 464 
Germ, 473 
Germ theory, 481—482 
Giantism, 448, 449 
Girls and boys 
differences in structure, 173 
training rules for, 173-174 
Glands 
along alimentary canal, 59-61 
endocrine 
adrenal, 98, 443, 446 
pancreas, 98, 231, 449 
pineal, 449 
pituitary, 98, 448 
thymus, 98, 446 
thyroid, 98, 444 
kidney, 96-97, 442 
lachrymal, 418, 420 
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liver, 235-242 
lymphatic, 221, 228, 319 
lacteals, 232-233 
spleen, 319-320 
tonsils, 221-222 
oil, 52 
pancreas, 98, 231, 449 
salivary, 212 
parotid, 212 
sublingual, 212 
submaxillary, 212 
sebaceous, 52 
sweat, 51-52 
Glottis, 452 
Glycogen, 233, 239 
Goiter, 445 
and iodine, 198 
Gorcas, WILLIAM, 20-21 
Grains, 260 
Gray matter, 365, 383 
Great omentum, 230 
Growing pains, 294, 314 
Growth, 448 
effect of exercise on, 162 
effect of tobacco on, 85 
of bones, 131 


Habits, 375-376 
Hair, 56 
care of, 57 
follicle, 56 
shampooing, 57 
Hammer (malleus ), 431, 432 
Hamstring muscles, 143 
Hawkins, Sir Ricnarp, 191 
Headache powders, 294 
Health 
and digestion, 249-250 
and exercise, 163 
and heredity, 468 
and individual responsibility, 7 
definition of, 1-2 
ideals in relation to, 22-25 
indications of, 86 
influence of environment on, 11-12 
influence of heredity on, 9-11 
influence of individual effort on, 
16-17 
international agreements for, 6 
knowledge and, 2 
national, 4 
record of, 89 
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Health (continued) 

response of individual, 8 

rules, 8-10 

science in relation to, 19-22 

scoring, 87 

service in industry, 536 

standard of, 2 
Health organizations, 4, 6 
Healthful living, problem of, 1-25 
Hearing, sense of, 430-432 
Heart, 288-294 

as a pump, 288-293 

auricles, 289 

chambers, 289 

diastole, 289 

disease, 293-294 

function of, 289-293 

leaky, 293-294 

rate, 305, 306 

rheumatism and, 294 

systole, 289 

tobacco and, 324 

valves, 290-291 

ventricles, 289 

See also Circulation. 
Heat exhaustion, 492 
Hemoglobin, 281-282 
Hemolysis, 286 
Hemorrhage, 323, 557-558 

blood plasma for, 288 
Hepatic artery, 237 
Hepatic lobules, 237-238 
Hepatic vein, 235, 236, 237, 238 
Heredity, 10-11, 461-469 

and acquired traits, 466-467 

and chromosomes, 463 

and environment, 467-468 

and genes, 463-464 

and health, 468 

and hybrids, 466 

dominant and recessive traits, 466— 

467 

eugenics, 468-469 

forces affecting, 462 
High heels, 113 
Hobbies about nutrition, 252 
Hockey, 170 
Hopeg, C. F., 81, 515 
Hormones, 97, 226, 443 
House fly, carrier of disease, 477-478 
Hunger, 433 
Hont, A. E., 474 
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Hunter, Artuur, 80 
Hutcuinson, Woops, 515 
Hybrids, 466 
Hydrophobia, 485, 495 
Hygiene, 3-4 
need for, 525 
of bowel, 270-273 
of exercise, 153-175 
of foot, 111-113 
of nervous system, 393-410 
of nutrition, 249-274 
of respiration, 342-354 
of skeleton, 120-134 


Idealism, 547 
Ideals, 22-23 
Image, 424 
Immunity, 286, 484-487 
Impulse, 72, 74, 366-367, 389-390 
Incisors, 213 
Indigestion, 264 
Indoor work, 526 
Industrial poisons, 532 
Industry, 536 
Infantile paralysis, 482 
Infection 
communication of, 496 
prevention of, 9, 493 
Infectious disease, germ theory of, 481 
Inferior vena cava, 290 
Inheritance and acquired traits, 466- 
467 
Inositol, 190 
Insanity, 402, 518-519 
alcohol and, 402, 518-519 
and communicable diseases, 402 
drugs and, 402 
habit of mind and, 402-403 
Insomnia, 398 
Inspiration, 338, 339 
Insulin, 449 
Intercellular material, 37 
Internal secretions, 443-450 
Intestinal juices, 227, 230, 232 
enterokinase, 232 
erepsin, 232 
invertase, 232 
lactase, 232 
maltase, 232 
Intestine, large, 233-235 
Intestine, small, 228-230 
digestive fluids in, 230-232 


Invertase, 232 
Iodine, 445 
in diet, 198 
in table salt, 198 
tincture of, 561 
Iris, 421, 422, 425-426 
Irritability of cell, 32-33 


Jenner, E., 486 

Joint 
capsule of, 115 
construction of, 113 
motion in, 114, 116 
synovial membrane of, 115 


Kidney, 97-98, 240, 242, 446 
Knee joint, 114 

Kneecap, 110 

Kocu, Roser, 481 


Labyrinth, 431, 433 
Lachrymal gland, 418, 420 
Lactase, 232 
Lacteals, 228, 232 
Larynx, 222, 332, 452 
Laxative foods, 270-271 
Lazear, Jesse, 20 
Lead poisoning, 493-494, 532 
Learning process, 403-405 
Legs, 110-111 
Legumes, 256 
Lens, 421, 423 
Leucocytes, 280 
Life, microscopic forms of, 473 
Ligaments, 63, 113 
capsular, 115 
suspensory, 423 
Light, importance of proper, 428 
Lincotn, ApranaM, 15-16 
Liver, 235-242 
anatomy of, 235 
biliousness, 242 
circulation through, 236 
cirrhosis, 240 
effect of alcohol on, 240 
excretory function, 240 
functions of, 238-240 
glycogen, 233, 239 
portal circulation, 236 
secretion of bile by, 238 
structure of, 237 
Sugar stored in, 239 
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Luncheon, 202-203 
Lungs, 333-337 
air cells of, 333 
bleeding from, 558 
external appearance, 335-337 
internal structure, 334—335 
lobes of, 335 
pressure in, 336 
Lymph, 65-66, 315, 316-318 
Lymph spaces, 315 
Lymphatic system, 314-320 
ducts, 318 
glands, 318, 319 
Lymphatics, 316 


Mack, Connig, 69 
Magnesium citrate, 272 
Malaria, 479-480 
Malocclusion, 216-217 
Maltase, 232 
Manicure, 58 
Marihuana, 84-85 
Massage, 313, 314 
Masseter muscle, 144 
Mastoid sinus, 106 
Maxillary sinus, 106 
Meals, 268-270 
Measles, 286 
Meats, 257 

cooking of, 265 

poisons in, 487 
Meatus, 430 
Medulla oblongata, 74, 304, 384, 388- 

390 

centers, 389-390 
Memory, effect of alcohol on, 516 
Menadione, 194 
Meninges, 372 
Mental efficiency, 516-517 
Menus, 201-202 
Mesentery, 230 
Metabolism, 34-35 
Metals, poisonous, 493-494, 532 
Mid-brain, 367 
Milk 

cleanliness of, 487-491 

pasteurizing, 488 
Mind and body, 393-394 
Mineral oil, 272-273 
Minerals, 195 

amount in diet, 199-200 
Mitral valve, 291 
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Molars, 213 
Monotony, 528-529 
Mosquitoes, 479-481 
Motor area of brain, 387 
Mountain sickness, 492 
Mouth 
absorption from, 221-222 
cleanliness of, 493-494 
function of, 211 
structure of, 211-213 
Mucous membrane, 58-60, 210 
irritants to, 271-272 
Mucus, 58-60 
Muscle cells, 34, 67 
Muscles, 137-150 
action of, 153-175 
and bones, 143-144 
and nerves, 72-75 
attachment of, 142 
cardiac, 141 
contraction of, 67—68, 159-161 
co-ordination of, 154-155, 360-361, 
388 
effect of alcohol on, 68-70, 161-— 
162 
fatigue, 159 
fatty degeneration, 162 
function of, 137 
involuntary (non-striated ), 141 
kinds of, 138 
massage, 313 
names of, 144-150 
over-development of, 174-175 
over-tension, 157-158 
positions of, 144-150 
skeletal, 142 
tone, 158-159 
visceral, 142 
voluntary (striated), 139 
Muscular system, organs of, 93, 137- 
150 
Mustard powder, 560 
Myopia, 425, 426, 427-428 


Nails, 57-58 
cross-section of, 57 
manicuring, 58 
Narcotics, effect on muscular action, 
161 
Nasal tone, 455-456 
Nearsightedness, 425, 426, 427-428 


Nerve 
injury to, 370-371 
structure of, 71-72 
Nerve cells, 71-72, 361-369, 396-397, 
519 
as unit of nervous system, 361-362 
axon, 71, 362 
dendrites, 71, 362 
ganglion, 364 
nerve center, 364 
Nerve fibers, 361, 363-366 
neuroglia, 365 
structure of, 71 
termination of, 365-366 
Nerve impulse, 72, 74, 366-367, 389- 
390 
Nerves 
abducent, 371 
accelerator, 305 
acusticus, 371 
and muscles, 72-75 
constrictor, 302 
cranial, 371, 378, 379 
dilator, 302 
effect of stimulants on, 161, 515 
facial, 371 
glossopharyngeal, 371 
hypoglossal, 371 
injury to, 370 
motor, 74 
oculomotor, 371 
olfactory, 371 
optic, 371 
reflex action, 72 
sacral, 378, 379 
sensory, 74 
spinal, 371 
spinal-accessory, 371 
sympathetic, 376 
trigeminal, 371 
trochlear, 371 
vagus, 305 
vasomotor, 302, 304, 395 
Nervous system, 96, 359-390, 415- 
436 
arrangement of, 371 
automatic centers, 389 
autonomic, 376-380 
connections in, 367-368 
effect of activity on, 394-395 
effect of aicohol on, 399-402, 519, 
520 
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effect of fatigue on, 399 
effect of sleep on, 395 
functions of, 360-361 
general sensations, 368, 433-436 
hygiene of, 393-410 
improper functioning of, 402-403 
learning process, 403-405 
nerve center, 364 
neurone, 362, 363, 366 
organs of, 96, 360-390, 415-436 
plexus, 377 
special sensations, 369-370, 415-432 
synapse, 366-367 
See also Brain, Nerves, Spinal cord. 
Neuritis, 370 
Neuroglia, 365 
Meuro-muscular mechanism, 154 
Neurone, 362, 363, 366 
Niacin, 189 
NIGHTINGALE, FLORENCE, 22 
Nose, 332 
breathing through, 343 
Nostrums, 502-504 
Nucleolus, 31 
Nucleus, 31 
Nutrition, 248-274 
hobbies, 252 
hygiene of, 249-274 
Nuts, 255 


Oculo-motor muscles, 418-419 
Oil glands, 52 

Opsonins, 286 

Optic nerve, 422 

Organ, definition of, 37 
Organism, 38, 45 

Organs in systems of the body, 92-98 
Os calcis, 111 

Osver, Sir Wittiam, 24 
Osmosis, 233 

Overtension, 157-159 
Overweight, 273, 274 

Ovum, 32, 462 

Oxidation, 34 


Oxygen, 281-282, 330-332, 341-342 


Pain, 435 

Palate, 211 

Paw, T. A., 193 

Pancreas, 98, 226, 449 

Pancreatic juice, 227, 230, 231, 241, 262 
Pantothenic acid, 189 
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Papille, 48, 49, 50, 53 
Para-aminobenzoic acid, 190 
Parasympathetic nerves, 378 
Parathyroid glands, 98, 445 
Parotid gland, 212 
Pasteur, Louis, 24, 481 
Patella, 110 
Patent medicine, 82, 263, 272, 325, 504 
Paviov, Ivan, 250 
Peaxsopy, J. E., 474 
Peart, R., 519 
Pectoralis muscle, 146 
Pellagra, 193 
Pepsin, 225 
Periapical abscess, 216, 218 
Pericytes, 295, 296 
Periodontal infection, 216, 218 
Periosteum, 113, 120 
Peristalsis, 224 
Peritoneum, 229 
Perspiration, 50-52, 243 
Pharynx, 222, 332 
Physical activity, 9, 515-516 
Physical fitness, 153, 159 
Pigeon toe, 113 
Pineal body, 98, 449 
Pitch, 456 
Pituitary gland, 98, 448 
Plague, 477 
Plasma, 314-316 

banks, 287 

blood, 65, 66, 283, 285-288 
Pleasure-and-pain stage, 546 
Pleura, 336 
Plexus, 377 
Pneumococcus, 477 
Pneumonia, 476-477 
Poisoning, 559 
Poisons, industrial, 493, 532 
Pore, 51 
Portal circulation, 236-238 
Portal vein, 233, 235, 236, 237, 293 
Posture, 126, 131 

effect of clothing on, 127 

lying, 128 

sitting, 128 

standing, 128 

walking, 128 
Precipitins, 286 
Preferences, 549 
Pressure cooker, 268 
Prosecretin, 241 
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Protein, 184 

amount in diet, 199-200 
Prothrombin, 284 
Protoplasm, 30 
Protozoa, 477 
Ptomaine poisoning, 474 
Pryalin, 212 
Pulmonary artery, 289-291, 335 
Pulmonary vein, 291, 293, 335 
Pulp cavity, 215 
Pulse, 298 
Pupil, 426 
Pylorus, 224 
Pyorrhea, 218 
Pyridoxine, 189 


Quacks, 502 
Quarantine, 482 


Rabies, 485, 495 
Rawuincs, I. D., 502 
Recessive traits, 466 
Rectum, 234 
Red Cross first-aid packet, 562 
Reep, WALTER, 20 
Reflex action, 72, 367, 374-376 
Regulation 
chemical, 443 
of bodily activity and growth, 442 
of industry, 536 
of temperature, 441 
of voice, 450 
Regulative processes, 441-458 
Relapsing fever, 477 
Rennin, 225 
Reproduction of cell, 35-36 
Reproductive organs, 450 
Resistance to disease, 351 
Respiration, 330, 338 
artificial, 553 
effect of tobacco on, 351 
exercises in, 345 
how to breathe, 346-348 
hygiene of, 342-352 
importance of ventilation to, 342, 
348-351 
Respiratory system, organs of, 95, 
330-354 
Response of muscle, 154 
Rest and sleep, 8, 352 
Retina, 423 
Rheumatism and the heart, 294 
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Rib, 109 

Riboflavin, 189 

Rickettsia, 477 

Rocky Mountain spotted fever, 477 
Roosevett, THeopore, 11, 12 
Rotolactor, 489 

Running, 169 


Sacrum, 106 
St. Martin, Atexis, 199, 443 
Salines, 272 
Saliva, 211, 212, 225, 241 
Salivary glands, 212 
Salt, iodine content of, 198 
Sartorius muscle, 145 
Scalp muscle, 146 
Scapula, 110 
Scarlet fever, 294 
Schick test, 483-484 
Sciatica, 370 
Sclera, 421-423 
Sebaceous glands, 52 
Second wind, 344 
Secretin, 226-227, 241 
Seidlitz powder, 272, 560, 562 
Selective Service, 4, 5 
Self-control, 405-406 
Self-direction, 405 
Semicircular canals, 431, 432, 433 
Semilunar valves, 290 
Sensations, 368-370, 416 
general, 368, 433-436 
special, 369-370 
Senses, 415 
appetite, 433 
classification of, 415-416 
equilibrium, 432 
hearing, 430 
hunger, 433 
located in skin, 434-436 
pain, 435 
pressure, 434 
sight, 418 
smell, 417-418 
taste, 416-417 
temperature, 435 
thirst, 433 
touch, 434-436 
Sensory nerves, 415-416 
Serous membranes, 58 
Serum, 58-59 
Sex glands, 450 
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Shaeffer method, 553 
SuerMan, H. C., 200 
Shock, blood plasma for, 288 
Shoes, 113, 123 
Shoulders, round, 126-127 
Siderosis, 529 
Sight, sense of, 418 
Sigmoid flexure, 234 
Silicosis, 529 
Sinuses, 106 
Sitting, 128 
Skeletal system, organs of, 93, 101— 
TL 
Skeleton, 101-113 
bones of, 104-113 
function of, 101-104 
hygiene of, 120-134 
’ vertebral column, 106-109 
Skin, 46-56 
blood vessels of, 50 
hygiene of, 54 
injury of, 53 
nerves of, 50 
organs of, 46-52 
papille, 48 
pigment, 47 
protection of, 52 
special senses located in, 434-436 
Skull, 105 
Sleep, 8, 322, 352, 395, 495 
hours of, 398 
inability to, 398 
Sleeping sickness, 477 
Smallpox, vaccination against, 486 
Smell, 417 
Smoking. See Tobacco. 
Soccer, 170 
Social approval, 547 
Sodium phosphate, 272 
Sound production, 450-458 
chambers for, 453 
motor factor in, 451 
pitch, volume, and quality in, 456 
vocal factor in, 452 
Spermatozoon, 32, 462 
Sphenoid sinus, 106 
Sphygmomanometer, 301 
Spinal cord, 372-376 
connections in, 367 
function of, 373 
spinal nerves, 371 
structure of, 372-373 


605 


Spine 
curves of, 107-109 
lateral curvature of, 125 
posterior curvature of, 126 
Spirilla, 474 
Spleen, 319-320 
Spore, 474 
Sports, 172 
Sprain, 121, 559 
Standing, 128 
Steapsin, 231, 241 
Stereoscope, 419, 420 
Sterile gauze, 560 
Sterile petrolatum, 562 
Sternum, 109 
Stethoscope, 300-302 
Stimulants, artificial, 510 
natural, 511 
Stirrup (stapes), 431, 432 
StockHarD, C. R., 519 
Stomach 
action of, 199 
bleeding from, 558 
in digestive process, 227-228 
peristalsis, 224, 269 
secretions, 224—227 
Sublingual gland, 212 
Submaxillary gland, 212 
Sugar, 239, 262 
Sunstroke, 492 
Superior vena cava, 290 
Superstitions, 502-503 
Sweat glands, 51-52 
Swimming, 167 
Sympathetic nerves, 377 
Synapse, 366-367 
Synovial fluid, 115 
Synovial membrane, 115 
Syphilis, 293 
Syrup of ginger, 562 
Syrup of ipecac, 562 
Systems of the body, 92-98 
Systole, 289 


Talcum powder, 562 
Taste, sense of, 416 
Tea, 86, 510 
Teeth, 213-221 
care of, 219-220 
Caries, 217 
dentistry of, 216-218 
hygiene of, 219-221 
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Teeth (continued) 
malocclusion of, 216-217 
periapical abscess, 216, 218 
periodontal infection, 216, 218 
permanent, 213-214 
structure of, 215-216 
temporary, 214-215 

Temperature, 435, 441 
regulation of body, 441 

Temporal muscle, 144 

Tendon, 143 

Tendon of Achilles, 143, 146 ° 

Tennis, 167 

Tetanus, 475-476 

Tetany, 445 

Thiamine, 188, 370 

Thinking and feeling, 9 

Thirst, 433 

Thoracic duct, 318 

Thorax, 109 

TuornpIkE, E. L., 14 

Throat, 332 
smoker’s sore, 221 

Thrombin, 284 

Thromboplastin, 284 

Thymus, 98, 446 

Thyroid, 98, 444 

Thyroxin, 444 

Tibia, 114-115 

Tissue, kinds of, 45 
cardiac, 141 
cartilaginous, 63 
connective, 62-64 
elastic, 62 
epithelial, 46-62 
fatty, 62 
fibrous, 62 
muscular, 67-70 
nerve, 70-75 
vascular, 64—67 

Tissues 
as building material, 45 
building good, 79, 197 
nourishment from blood, 320 
organs formed from, 37-38, 92-98 

Tobacco ; 
effects of, 85-86, 510-512, 521-522 

general, 521 
injurious, 85-86 
on appetite, 274 
on energy, 510-512 
on growth, 85 


On nerves, 510-512 
On respiratory organs, 351 
on youth, 85-86, 522 
penalties from use of, 85-86 
Tobacco blindness, 430 
Tone, muscle, 158 
Tonsillitis, 293 
Tonsils, 221 
Tooth, parts of, 215 
Touch corpuscle, 366, 434 
Toxin, 475, 484 
Toxin-antitoxin, 484 
Toxoid, 484 
Trachea, 222, 332 
Trachoma, 421 
Traits 
acquired, 466 
dominant, 466 
recessive, 466 
Trapezius muscle, 146 
Triceps muscle, 145 
Trichina spiralis, 257 
Tricuspid valve, 290 
Tsutsugamushi, 477 
Tuberculosis, 351, 475-476 
signs of the disease, 352 
Tympanic membrane, 431 
Typhoid fever, 475—476 
vaccination against, 487 
Typhus fever, 477 


Underweight, 273 
Unity of body and mind, 353, 393-394, 


542 
Urea, 240-242 
Uvula, 222 


Vaccination, 495-498 
diphtheria, 484 
rabies, 485 
smallpox, 486 
typhoid, 487 
value of, 497 

Vagus, 305 

Varicose veins, 323 

Vascular tissue, 64—67 

Vasomotor nerves, 302 

Vector, 477 

Vegetables, 262-267 
cooking of, 267 

Vegetarianism, 253 


‘Veins, 288, 290 


inferior vena cava, 290 
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jugular, 317 
pulmonary, 291, 293, 335 
structure of, 294-297 
subclavian, 317 
superior vena cava, 290 
valves of, 311-312 
varicose, 323 
Venous system, 317 
Ventilation, 348-351 
methods of, 349 
Ventricles, 289 
Vermiform appendix, 233-234 
Vertebral column, 104-109 
cervical curve, 107-108 
function, 107 
lumbar curve, 108 
sacral curve, 108 
thoracic curve, 108-109 
Villus, 228 
Virus, 476 
Visceroptosis, 230 
Vision, defects of, 426-428 
objects of, 430 
Vitamin A, 185, 188 
Vitamin B complex, 188 
Vitamin C (ascorbic acid), 190, 194 
Vitamin D (calciferol), 193, 194 
Vitamin K (menadione), 194 
Vitamins, 184-195 
preparations, 194 
Vitreous humor, 422 
Vocal cords, 452 
vibration of, 453 


Voice 
care of, 457 
control of, 450 
culture of, 457 
effect of smoking on, 457 
pitch, 456-457 
quality, 456-457 
range of human, 454 
volume, 456-457 


Walker-Gordon dairy, 487 
Walking, 112-113, 128-130, 169-171 
Wall (cell), 31 
Wall-eyes, 419 
Wart, 54 
Waste products, 242 
Water, 195 
at meals, 263 
drinking, 494 
uses of, 197 
We tts, H. G., 23, 539 
Westey, Joun, 447 
White matter, 365 
Work, 526, 528 
Workmen’s compensation, 537 
Wounds and cuts, 557 
Wrestling, 169 


Yeast, 266 

Yellow fever, 20-21 

Yellow Fever Commission, 20 
Yellow spot, 424 
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